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Abstract 


The  utilization  of  chlorinated  solvents,  specifically  Class  I  Ozone  Depleting  Compounds 
(ODCs),  has  been  continually  scmtinized  by  the  U.S.  Environmental  Protection  Agency  (EPA) 
and  the  Occupational  Safety  and  Health  Administration  (OSHA).  This  is  a  direct  result  of  the 
United  States  entering  into  an  agreement  with  several  other  nations  throughout  the  world  to  limit 
the  production  of  these  materials  (Montreal  Protocol  1987).  In  fact,  the  EPA  has  placed  very 
heavy  restrictions  on  the  production  of  1,1,1  trichloroethane,  one  of  the  niost  commonly  known 
and  utilized  chlorinated  solvents,  as  of  January  1996.  This  announcement  prompted  the  Aviation 
and  Troop  Command  (ATCOM)  to  fund  a  program  designed  to  identify,  test  and  evaluate 
commercially  available  cleaners  to  replace  1,1,1  trichloroethane  during  the  processing  of  aviation 
components.  ATCOM  requested  the  Army  Research  Laboratory  -  Materials  Directorate  to 
develop  and  execute  this  test  program.  Two  critical  cleaning  applications  were  identified  based 
upon  a  thorough  review  of  all  cleaning  processes  utilized  during  part  manufacture,  and  repair  at 
Army  depots:  cleaning  prior  to  non-destmctive  inspection  (NDI)  and  cleaning  prior  to  adhesive 
bonding.  This  report  discusses  the  rational  behind  identifying  alternative  cleaners  for  these 
applications,  the  test  and  evaluation  plan,  and  the  results  of  the  test  program. 
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Preface 


The  work  reported  herein  was  performed  by  the  U.S.  Army  Research  Laboratory  -  Materials 
Directorate  (ARL-MD),  Aberdeen  Proving  Ground,  MD,  in  conjunction  with  the  Corpus  Christi 
Army  Dq)ot,  Corpus  Christi,  TX;  RPI  Design  and  Manufacturing  histitute,  Rensselaer,  NY;  the  U.S. 
Army  Research,  Development,  and  Engineering  Center  (ARDEC),  Picatinny  Arsenal,  NJ;  the 
University  of  Connecticut  Materials  Department,  Storrs,  CT;  and  the  Texas  Research  histitute  (TRI) 
Austin,  Austin,  TX. 

The  final  reports  provided  by  these  organizations  and  the  supporting  documentation  included  as 
appendices  have  been  compiled  and  included  in  their  original  form,  without  editorial  change. 

Great  appreciation  is  given  for  the  technical  support  of  and  guidance  for  this  program  provided 
by  Dr.  Kirit  Bhansali  of  the  U.S.  Army  Aviation  and  Troop  Command  (ATCOM),  St.  Louis,  MO. 


FormattinB  Note:  Because  of  the  length  and  number  of  sections  in  this  document,  the  following 
colored  dividing  pages  have  been  included  to  aid  the  reader: 

•  Red  Pages  -  divide  main  report  sections. 

•  Blue  Pages  -  divide  subsections. 

•  Yellow  Pages  -  divide  subsections  of  the  externally  generated  reports. 


Intentionally  left  blank. 


IV 


Acknowledgments 


Acknowledgment  is  made  to  the  following  people  who  made  significant  contributions  to  this 
program: 

For  providing  technical  support  and  guidance  in  the  development  of  the  adhesive  bonding  and  non¬ 
destructive  inspection  testing  matrices  and  insight  on  similar  studies  being  conducted  in  the  arena 
of  ODC  replacement: 


Mr.  Darryl  Tryson 
Mr.  William  Alvarez 

U.S.  Aviation  and  Troop  Command,  St.  Louis,  MO. 

Ms.  Alice  Garcia 

Westar  Corporation,  St.  Louis  Engineering  Center,  St.  Louis,  MO. 

For  providing  a  thorough  review  of  recent  programs  involving  ODC  and  1,1,1  trichloroethane 
replacement  as  well  as  the  tri-Service  involvement  in  these  programs: 

Dr.  Gary  W.  Carriveau 
Reliability  Engineering,  Department  Head 
Texas  Research  Institute  Austin,  Inc.,  Austin,  TX. 

For  organizing  and  conducting  the  basic  research  testing  of  the  comprehensive  list  of  alternative 
cleaners: 

Dr.  Larry  Felton 

Project  Manager  Design  &  Manufacturing  Institute 

Mr.  J.  Drew  Metz 
Ms.  Mario  Clarizia 
Mr.  James  Madden 
Mr.  Hung  Pham 
Ms.  Sherri  Messina 

Rensselaer  Polytechnic  Institute,  Rensselaer,  NY. 

For  performing  x-ray  photoeletron  spectroscopy  and  auger  analyses  of  specimens  cleaned  with  the 
various  alternatives: 

Dr.  Steven  L.  Suib 
University  of  Connecticut 
Storrs,  CT. 


V 


For  providing  insight  and  technical  support  for  the  alternative  cleaner  replacement  of  1,1  »1 
trichloroethane  prior  to  non-destructive  inspection: 

Mr.  Grover  H.  Hardy 
Wright-Patterson  Air  Force  Base 
Dayton,  OH. 

For  providing  technical  expertise  in  the  field  of  chemical  replacement  as  well  as  for  providing  the 
Cleaning  Alternatives  Selection  Tool  (CAST): 

Mr.  Chuck  Gawenis 
Corpus  Christi  Army  Depot 
Corpus  Christi,  TX. 

For  aiding  in  the  comprehensive  laboratory  testing  of  the  various  alternative  cleaners  within  the 
extensive  testing  matrices: 

Mr.  James  Catalano 
Mr.  Thomas  Melvin 
Mr.  Douglas  Nadeau 
Mr.  Vincent  Difilippo 
Mr.  Adam  Greenberg 
Ms.  Jennifer  Russo 
Mr.  Steven  Spletzer 

U.S.  Army  Research  Laboratory  -  Materials  Directorate 
Aberdeen  Proving  Ground,  MD. 


VI 


Table  of  Contents 


Page 


Preface .  iii 

Acknowledgments  .  v 

1.  Overview  .  1-1 

1.1  Objectives  . 1-3 

1.2  Introduction .  1-3 

1.3  Section  2:  Identification  of  Commercially  Available  Products  to  Replace 

1,1,1  Trichloroethane .  1-3 

1.4  Section  3:  Downsizing  of  Alternatives  Through  Initial  Testing .  1-4 

1.5  Section  4:  Materials  Compatibility  Investigation  .  1-4 

1.6  Sections:  Alternative  Cleaner  Effects  on  Adhesive  Bonding .  1-4 

1.7  Section  6:  Alternative  Cleaner  Effects  on  Non-Destructive  Inspection .  1-4 

1.8  Conclusions . 1-5 

2.  Identification  of  Commercially  Available  Products  to  Replace 

1,1»1  Trichloroethane:  TRI  of  Austin  Report  -  “1,14  Trichloroethane 
Replacements  State  of  the  Art  Report” .  2-1 

3.  Downsizing  of  Alternatives  Through  Initial  Testing  .  3-1 

3.1  RPI  Report  -  “Qualification  of  Alternatives  to  1,1,1  Trichloroethane” .  3-7 

3.2  University  of  Connecticut  Report  -  “XPS  and  Auger  Analysis 

With  Alternative  Cleaners  to  1,1,1  Trichloroethane” .  3-47 

4.  Materials  Compatibility  Investigation  .  4-1 

5.  Alternative  Cleaner  Effects  on  Adhesive  Bonding:  ARDEC  Report  - 

“1,1,1  Trichloroethane  Replacement  Study”  .  5-1 

6.  Alternative  Cleaner  Effects  on  Non-Destructive  Inspection .  6-1 

Appendix  A:  Dialog  Search  for  TC A  Alternative  Cleanere  .  A-1 

Appendix  B:  Annotated  Bibliography  Based  on  Dialog/DTIC  Searches  ....  B-1 

Appendix  C:  Referenced  ASTM  Standards .  C-1 


vii 


Page 

Appendix  D:  Referenced  Military  Specifications  and  Standards .  D-1 

Appendix  E:  Environmental  Checklist  .  E-1 

Distribution  List .  Dist-1 

Report  Documentation  Page .  RD-1 


vm 


1.1  Objectives.  The  objectives  of  this  work  were  as  follows: 

(1)  To  provide  two  alternative  ozone  depleting  compound  (ODC)  compliant  cleaners  for  use 
prior  to  adhesive  bonding  and  prior  to  non-destructive  inspection  (NDI). 

(2)  To  change  the  depot  maintenance  work  requirements  (DMWRs)  and  other  maintenance 
manuals  where  1,1,1  trichloroethane  is  called  out,  and  substitute  an  appropriate  alternative  cleaner. 

1.2  Introduction.  Trichloroethane  has  been  proven  reliable  as  a  cleaner  prior  to  adhesive 
bonding  and  NDI.  Any  replacement  must  meet  the  same  degree  of  reliability,  while  still  maintaining 
material  compatibility.  Adhesive  bonding  and  fluorescent  penetrant  inspection  (FPI),  which  is  one 
specific  NDI  test  method,  require  a  high  degree  of  cleanliness;  therefore,  any  replacement  that  meets 
the  requirements  of  these  applications  should  also  meet  the  requirements  of  other  NDI  and  joining 
disciplines  that  are  not  quite  as  sensitive  to  cleanliness.  A  single  replacement  for  1,1,1 
trichloroethane  will  be  difficult  in  that  its  utilization  is  so  widespread.  It  has  characteristics  that  are 
extremely  advantageous  from  a  procedural  point  of  view.  The  low  boiling  point,  low  toxicity  level, 
and  proficient  solubilizing  potential  make  1,1,1  ideal  for  manufacturing  operations  from  degreasing 
to  precision  cleaning  to  nondestructive  evaluation.  Deviations  from  these  effective  characteristics 
will  increase  the  procedural  time,  sometimes  drastically,  and  may  even  increase  cost  due  to  hardware 
and/or  machinery  alterations  that  might  be  required.  Regardless,  the  restriction  on  the  use  of  1,1,1 
trichloroethane  is  imminent,  and  an  environmentally  acceptable  replacement  must  be  found.  The 
focus  of  this  program  was  to  provide  test  data  on  prospective  alternate  cleaners  prior  to  (1)  adhesive 
bonding  and  (2)  NDI  in  order  that  potential  users  can  make  more  educated  decisions  on  which 
products  would  best  fit  their  needs. 

1.3  Section  2:  Identification  of  Commercially  Available  Products  To  Replace  1,1)1 
Trichloroethane.  The  aircraft  industry,  chemical  corporations,  DOD  agencies  (Army,  Navy,  and 
Air  Force),  and  the  EPA  were  contacted  in  an  attempt  to  develop  a  comprehensive  listing  of  the  most 
prospective  candidate  cleaners.  The  U.S.  Army  Research  Laboratory  Materials  Directorate  (ARL- 
MD)  initially  expanded  upon  the  database  of  possible  chemical  cleaning  replacements  created  and 
investigated  by  the  Corpus  Christi  Army  Depot  (CCAD),  Corpus  Christi,  TX.  CCAD  had  performed 
total  immersion  corrosion  and  cleaning  efficiency  tests  on  a  large  number  of  alternative  aqueous 
cleaners  and  their  respective  10%  dilutions.  In  addition,  ARL-MD  contracted  the  Texas  Research 
Institute  Austin,  Inc.  to  perform  a  detailed  search  of  related  work  on  the  subject  of  1,1,1  replacement 
This  work  has  been  included  in  section  2  of  the  report.  The  comprehensive  listing  formed  was  very 
dependent  on  the  specific  process  being  utilized.  Therefore,  two  separate  lists  were  generated,  one 
for  adhesive  bonding  and  one  for  NDL  The  industrial  chemical  companies  are  continually  investing 
large  amounts  of  money  into  developing  replacements  for  1,1,1  trichloroethane.  Various  private 
aviation  corporations  (i.e.,  McDonnell  Douglas,  Sikorsky,  Boeing,  Lockheed,  and  Northrop)  have 
also  contributed  significantly  to  the  replacement  effort.  However,  it  must  be  understood  that  these 
alternatives  are  continually  changing,  specifically  the  chemical  compositions  change  as  restrictions 
become  tighter  and  cleaners  that  were  acceptable  gradually  become  obsolete.  Many  alternatives 
received  from  the  aircraft  industry  were  found  to  be  out  of  date.  The  major  chemical  companies 
attempted  to  stay  ahead  of  the  new  laws  and  regulations  by  developing  improved  formulations.  In 
fact,  some  of  the  cleaners  identified  as  viable  replacements  for  1,1,1  already  have  new  formulations. 
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In  addition,  many  of  the  private  aviation  corporations  performed  the  bulk  of  their  research  as  much 
as  5-10  years  ago  due  to  the  restrictions  and  penalties  placed  on  the  use  of  these  chlorinated  solvents. 
Until  recently,  the  government  has  traditionally  been  given  exceptions  to  these  restrictions  and 
penalties, 

1.4  Section  3:  Downsizing  of  Alternatives  Through  Initial  Testing.  The  comprehensive 
listing  of  candidate  cleaners  for  adhesive  bonding  and  NDI  revealed  more  cleaners  than  could 
possibly  be  tested  within  the  time  constraints  of  this  program.  Therefore,  both  lists  were  shortened 
based  upon  a  variety  of  performance  and  environmental  factors.  ARL-MD  contracted  Rensselaer 
Polytechnic  Institute  (RPI)  to  perform  most  of  the  initial  qualification  testing.  The  University  of 
Connecticut  was  also  contracted  to  perform  auger  and  x-ray  photoelectron  spectroscopy  (XPS)  of 
the  cleaners.  The  results  of  these  works  are  found  in  section  3. 

1.5  Section  4:  Materials  Compatibility  Investigation.  The  top  six  candidates  for  cleaning 
prior  to  adhesive  bonding  were  subjected  to  materials  compatibility  testing.  The  cleaners  were 
Callosolve  120,  Aerosolve  2000,  Parts  Prep,  Shop  Master,  Solvall  5234,  and  ALK-660  acquired 
from  the  listing  and  analysis  detailed  in  the  previous  section.  The  top  1 1  candidates  for  cleaning 
prior  to  NDI  were  also  subjected  to  materials  compatibility  testing.  They  included  isopropyl  alcohol, 
P-D-680,  Citrex,  Spotcheck  SKC-HF,  Desoclean  45,  Teksol  EP,  Bioact  113,  Axarel  56,  TPC 
Solvent,  Dynasolv  108,  and  Electron  NDE.  Although  it  was  not  expected  that  these  compliant 
solvent  cleaners  would  be  extremely  corrosive  or  embrittling,  the  testing  was  carried  out  on  the  side 
of  caution.  The  testing  performed  included  total  immersion  corrosion,  effects  on  unpainted  surfaces, 
sandwich  corrosion,  stress  corrosion  cracking,  and  hydrogen  embrittlement  testing. 

1.6  Section  5:  Alternative  Cleaners  Effects  on  Adhesive  Bonding.  The  actual  number  of 
alternate  cleaners  that  could  be  utilized  for  adhesive  bonding  tests  was  decreased  based  upon  the 
extensive  amount  of  specimen  preparation,  testing,  and  the  combination  of  materials  that  were  to  be 
tested.  Therefore,  the  top  cleaners  from  the  downsized  comprehensive  list  were  chosen  for  testing. 
Since  the  top  two  cleaners  were  of  the  same  general  chemical  make-up,  it  was  thought  that  choosing 
two  from  the  top  five  would  provide  a  better  guideline.  In  addition  to  the  control,  trichloroethane 
and  isopropyl  alcohol  were  utilized  along  with  two  prospective  aqueous  cleaners.  The  objective  was 
to  demonstrate  that  a  replacement  for  1,1,1  in  the  adhesive  bonding  process  was  feasible  in  both  a 
manufacturing  and  a  repair  environment.  The  approach  was  to  compare  the  effectiveness  of  the 
potential  replacement  on  various  metal  substrates  utilizing  1,1,1  trichloroethane  as  a  baseline  control 
group.  ARL-MD  contracted  the  U.S.  Army  Armament  Research,  Development,  and  Engineering 
Center  (ARDEC),  Picatinny  Arsenal,  NJ,  to  perform  the  adhesive  bonding  testing. 

1.7  Section  6:  Alternative  Cleaner  Effects  on  Non-Destructive  Inspection.  The  main  focus 
of  this  portion  of  the  program  was  to  find  a  cleaner  that  could  be  utilized  as  a  replacement  for  1,1,1 
on  the  Depot  Maintenance  Work  Requirements  (DMWRs).  It  has  been  determined  that,  of  all  the 
NDI  techniques,  the  FPI  method— specifically,  the  solvent  removable  and  post-emulsifiable 
methods — ^has  utilized  1,1,1  trichloroethane  to  the  greatest  extent  (according  to  MIL-STD-6866). 
Additionally,  since  those  FPI  methods  require  the  highest  level  of  cleanliness,  if  a  replacement 
cleaner  works  well  with  these  processes,  it  will  work  for  all  other  NDI  procedures  as  long  as  material 
compatibility  is  maintained. 
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1.8  Conclusion.  The  results  obtained  from  this  program  indicate  that  Desoclean  45  and 
Dynasolv  108  (DS  108)  would  be  viable  alternatives  to  1,1,1  with  respect  to  cleaning  prior  to  NDI 
and  Parts  Prep  is  recommended  for  use  prior  to  adhesive  bonding.  The  U.S.  Army  Aviation  and 
Troop  Command  (ATCOM)  is  presently  updating  the  DMWROs  and  maintenance  manuals  to  reflect 
these  findings.  The  results  and  conclusions  drawn  from  this  program  are  encouraging  with  respect 
to  the  ongoing  effort  of  trichloroethane  replacement.  The  results  have  shown  that  minimal  material 
compatibility  problems  exist  with  the  strongest  of  the  alternative  cleaners.  It  must  be  emphasized 
that  even  1,1,1  trichloroethane  has  a  dissociation  problem  when  it  becomes  hydrolyzed.  The  diluted 
semi-aqueous  replacements  that  contain  a  certain  amount  of  blended  solvents  were  not  expected  to 
have  superior  performance  concerning  hydrogen  embrittlement.  The  program  has  identified  two 
feasible  candidates  for  adhesive  bonding  of  the  materials  specified  and  several  acceptable  candidates 
for  FPI  processing. 
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The  aircraft  industry,  chemical  corporations,  Department  of  Defense  (DOD)  agencies  (Army, 
Navy,  and  Air  Force),  and  the  Environmental  Protection  Agency  (EPA)  were  contacted  in  an  attempt 
to  develop  a  comprehensive  listing  of  the  most  prospective  candidate  cleaners.  ARL-MD  initially 
expanded  upon  the  database  of  possible  chemicd  cleaning  replacements  created  and  investigated  by 
the  Corpus  Christi  Army  Depot  (CCAD),  Corpus  Christi,  TX.  CCAD  had  performed  total  immersion 
corrosion  and  cleaning  efficiency  tests  on  a  large  number  of  alternative  aqueous  cleaners  and  their 
respective  10%  dilutions.  In  addition,  ARL-MD  contracted  the  Texas  Research  Institute  Austin,  Inc., 
to  perform  a  detailed  search  of  related  work  on  the  subject  of  1,1,1  replacement.  This  report  is 
included  in  this  section.  The  comprehensive  listing  formed  was  very  dependent  on  the  specific 
process  being  utilized.  Therefore,  two  separate  lists  were  generated,  one  for  adhesive  bonding  and 
one  for  NDI.  The  industrial  chemical  companies  are  continually  investing  large  amoimts  of  money 
into  developing  replacements  for  1,1,1  trichloroethane.  Various  private  aviation  corporations  (i.e., 
McDormell  Douglas,  Sikorsky,  Boeing,  Lockheed,  and  Northrop)  have  also  contributed  significantly 
to  the  replacement  effort.  However,  it  must  be  understood  that  these  alternatives  are  continually 
changing — ^specifically,  the  chemical  compositions  change  as  restrictions  become  tighter  and 
cleaners  that  were  acceptable  gradually  become  obsolete.  Many  alternatives  received  firom  the 
aircraft  industry  were  found  to  be  out  of  date.  The  major  chemical  companies  attempted  to  stay 
ahead  of  the  new  laws  and  regulations  by  developing  improved  formulations.  In  fact,  some  of  the 
cleaners  identified  as  viable  replacements  for  1,1,1  already  have  new  formulations.  In  addition, 
many  of  the  private  aviation  corporations  performed  the  bulk  of  their  research  as  much  as  5-10  years 
ago  due  to  the  restrictions  and  penalties  placed  on  the  use  of  these  chlorinated  solvents.  The 
Government  has  traditionally  been  given  exceptions  to  these  restrictions  and  penalties,  until  recently. 

Identification  of  Alternatives 

It  was  determined  that  due  to  the  intricacy  of  the  NDI  process,  alternatives  would  be  limited  to 
solvent-based-compliant  (with  present  Federal  regulations)  cleaners,  even  though  some  chemical 
companies  refer  to  their  cleaners  as  “aqueous  based”  as  they  are  not  traditional  solvents.  The 
adhesive  bonding  segment  of  this  work  is  relatively  more  forgiving  and  less  stringent  in  regard  to 
the  chemical  composition  and  characteristics  of  the  alternative  cleaners.  Therefore,  aqueous-based 
and  citrus-based  cleaners  were  investigated  for  replacing  1,1,1  trichloroethane  prior  to  adhesive 
bonding.  The  classifications  were  clarified  based  upon  ARL-MD  discussions  with  the  respective 
manufacturers. 
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Listing: 


I.  Alternatives  for  cleaning  prior  to  adhesive  bonding: 


NAME 

Manufacturer 

1.  Callosolve  120 

Zip  Chem  Products 

2.  Aerosolve  2000 

Aerocote 

3.  Parts  Prep 

Ecolink 

4.  Shop  Master 

Buckeye  Int. 

5.  Solvall  5234 

Working  Solutions 

6.  Aik  -  660 

Eldorado  Chem. 

7.  Quaker  624  GD 

Quaker 

8.  Quaker  697  UT 

Quaker 

9.  Power  Cleaner  310  L 

West  Pentone 

10.  Cee-Bee  Cleaner  A  7x7 

McGean-Rohco 

11.  Penair  HD-1 

West  Pentone 

12.  Turco  4215-NCLT 

Turco  Products 

13.  Jettacin 

Dubois  Mfg. 

14.  Alu-Kleen 

Heat  Bath 

15.  Brulin815GD 

Brulin 

16.  DOT  111/113 

Delta  Omega 

17.  Bioact  40 

Petroferm 

18.  Metal  Aid  DR 

PCTTech. 

19.  Aeroclean  DN  30 

Aerocote 

20.  Blend  300 

Ecolink 

21.  Natural  Blue 

Loctite 

22.  ReBound  7 

XXCEL  Tech. 

23.  ReBound  4 

XXCEL  Tech. 

24.  Soluclean  5131 

Working  Solutions 

25.  Turco  Spray  Ease 

Turco  Prod. 

26.UniKleen#  129-3 

Heat  Bath 

27.UniKleen#14-B 

Heat  Bath 

28.  Bioact  50 

Petroferm 

29.  Magnaflux  1-2-3 

Magnaflux 

30.  Super  Bee  Cleaner  212 

McGean-Rohco 

31.  Penair  HD-4 

West  Pentone 

32.  Daraclean  282 

W.R.  Grace 

33.  Nectraclean 

CRC  Industrial 
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II.  Alternatives  for  cleaning  prior  to  Non-Destructive  Inspection: 


NAME  Manufacturer 


1.  Reagent  Grade  Isopropyl  Alcohol 

2.  P-D-680 

3.  Citrex 

Inland  Tech. 

4.  Spotcheck  SKC-HF 

Magnaflux 

5.  Desoclean  45 

Courtnald  Aero. 

6.  Teksol  EP 

Inland  Tech. 

7.  Axarel  56 

Petroferm 

8.  Bioact  113 

Petroferm 

9.  Dynasolv-108 

Dynamold 

10.  Electron  NDE 

Ecolink 

11.  D-Greeze  500 

Solvent  Kleen  Inc. 

12.  EP  921 

Inland  Tech. 

13.  Kustom 

Certified  Labs. 

14.  PF  01 

P-TTech. 

15.  PF  145  HP 

P-TTech. 

16.  Pre-Solv 

LPS 

17.  Electro  140 

LPS 

18.  Super  140 

LPS 

19.  Super  Chem  Trust 

Madison  Bionics 

20.  Vortex 

Ecolink 

21.  X-Caliber 

Inland  Tech. 

22.  Loctite  70/70 

Loctite 

23.  Spotcheck-SKC-S 

Magnaflux 

24.  Pensolv  L805 

West  Pentone 

25.  Pensolv  L945 

West  Pentone 

26.  Desoclean  110 

Courtnauld  Aero. 

27.NMP 

BASF 

28.  Kustom  HFP 

Certified  Labs. 

29.  HF-165 

Amax  Industrial 

30.  TPC  Solvent 

West  Pentone 
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1.1. 1-TRICHI.OROETHANF.  AT.TRRNATTW  CLEANERS 
FOR  NDI  AND  ADHRSIVK  BONDING  APPLICATIONS 


1.0  Background 


Many  of  the  organic  solvents  that  have  historically  found  utility  as  cleaning 
solvents  for  metals  and  plastics  are  being  replaced.  Much  of  the  impetus  for  this 
replacement  is  coming  from  government  legislation  and  agencies.  The  chemical  industry 
is  undergoing  dramatic  changes  due  to  the  United  States  participation  in  cooperative 
international  agreements  such  as  the  Montreal  Protocol.  This  was  a  conference  convened 
in  1987  as  an  international  effort  in  response  to  the  ozone  depletion  problem.  The 
Protocol  seeks  to  abolish  the  use  of  ozone  depleting  compounds  such  as 
chlorofluorocarbons  (CFC’s)  and  hydrogenated  chlorofluorocarbons  (  HCFC’s).  The 
only  commonly  used  solvent  that  was  regulated  by  the  Montreal  Protocol  is  1,1,1  - 
trichloroethane,  which  is  to  be  phased  out  by  2002.  In  response  to  this  meeting,  the  EPA 
has  passed  the  Clean  Air  Act  which  mandates  a  50  %  reduction  in  the  use  of  TCA  by  1 
January  94,  and  complete  abolition  of  production  by  1  January  96.  In  addition  to  the 
above  incentives,  a  1989  tax  levied  on  CFC’s  has  further  limited  their  use.  The  phase  out 
date  for  all  HCFC’s  will  be  scheduled  in  2030.  When  searching  for  an  alternative  solvent 
for  TCA,  one  must  be  certain  that  the  replacement  compound  is  not  a  volatile  organic 
compound,  cancer  causing  agent  or  other  environmentally  regulated  chemical. 


TCA  is  an  excellent  solvent  with  a  unique  combination  of  characteristics  that  will 
make  the  development  of  an  identical  drop-in  replacement  difficult.  However  depending 
on  the  application,  there  are  a  number  of  chemicals  that  might  function  as  an  acceptable 
substitute.  Among  the  advantageous  characteristics  of  TCA  is  its  high  Hansen  solubility, 
non-flammability,  and  evaporative  properties.  The  Hansen  solubility  is  a  measure  of 
solvating  characteristics.  TCA  is  excellent  at  solvating  organics,  greases,  waxes,  and 
polar  contaminants,  making  it  the  compound  of  choice  in  the  metal  surface  cleaning 
industry.  TCA,  like  other  chlorinated  solvents,  evaporates  quickly  and  leaves  behind 
very  little  residue.  It  is  highly  volatile,  but  is  considered  VOC  exempt  because  of  its 
inactivity  as  a  smog  precursor.  This  permits  its  widespread  usage  in  adhesives  and 
coatings. 

Three  companies  control  the  vast  majority  of  the  world’s  TCA  production:  DOW, 
PPG,  and  Vulcan.  Production  of  TCA  last  year  was  600  million  poimds  with  a  value  of 
$280  M  (C&E  News,  1994).  The  financial  impact  of  this  ban  has  solvent  manufacturers 
actively  investigating  and  recommending  alternative  solvents.  Dow  has  developed  a 
computer  program  (Chemkop)  which  uses  evaporation  profiles  and  solubility  parameters 


2-13 


to  select  a  combination  of  solvents  (typically  glycol  ethers)  that  will  provide  performance 
similar  to  that  of  TCA.  All  of  the  alternatives  have  benefits  and  limitations,  and 
customers  are  being  forced  to  decide  which  replacement  will  best  suit  their  needs. 

TCA  has  been  employed  extensively  in  non-destructive  analysis,  primarily  liquid 
penetrant  testing.  The  Army  Research  Laboratory  has  been  tasked  to  identify,  test,  and 
evaluate  alternative  cleaners  to  replace  1,1,1  -  trichloroethane  for  use  in  non-destructive 
evaluation.  The  ideal  substitute  solvent  should  be  environmentally  safe,  and  should  not 
be  controlled  as  a  volatile  organic  compound,  ozone  depleting,  or  a  hazardous  material. 
Because  of  TCA’s  excellent  solvating  properties,  it  is  used  in  three  steps  of  penetrant 
testing; 

1.  Precleaning.  TCA  was  used  to  clean  surfaces  of  grease,  oil,  films,  dirt,  and  other 
contaminants  before  application  of  the  penetrant.  This  ensures  complete  penetrant  access 
to  flaws,  and  surface  wetting.  For  most  simple  cleaning,  TCA  precludes  the  use  of  a 
separate  precleaning  agent,  and  its  drying  time  is  very  short. 

2.  Excess  penetrant  removal.  After  a  suitable  dwell,  TCA  can  be  used  to  remove 
penetrant  from  the  surface,  leaving  only  the  penetrant  that  had  infiltrated  surface  defects. 
Once  again,  the  short  drying  time  increases  inspection  efficiency  by  allowing  near 
immediate  application  of  developer. 

3.  Post  Cleaning.  After  inspection  for  flaws,  TCA  can  be  used  to  remove  developer  and 
completely  remove  all  penetrant  fi'om  flaws. 

TCA  is  commonly  used  as  a  solvent  vehicle  for  the  penetrant.  TCA  has  been 
widely  used  in  the  cleaning  of  surfaces  before  adhesive  bonding.  TCA  is  the  most  widely 
used  solvent  in  the  vapor  degreasing  of  large  parts  and  the  solvent  wiping  of  small  parts. 
Any  alternative  must  be  considered  in  light  of  toxicity,  flammability,  solubility 
characteristics,  cost,  and  availability.  Newly  selected  substitutes  for  TCA  should  not 
negatively  affect  NDI  results,  and  should  optimally  provide  the  multiple  cleaning 
capabilities  exhibited  by  TCA  so  that  multiple  cleaners  are  not  needed  for  each  step  of  the 
penetrant  testing  process. 

When  class  2  solvent  removers  are  used,  proper  procedures  and  strict  adherence 
becomes  paramount.  Typically,  these  materials  exhibit  high  boiling  points  (low 
evaporation  rates)  and  high  flammability  (low  flash  points).  When  using  these  organic 
Class  2  materials  it  is  imperative  not  to  use  too  much  cleaner  in  the  solvent  wiping 
process  to  prevent  the  penetrant  from  being  displaced  from  the  flaw.  Surfaces  must  also 
be  given  adequate  time  to  dry  between  cleaning  and  application  of  adhesive  bonding 
material.  Many  of  the  Class  2  solvents  have  decreased  solubility  parameters  reducing 
penetrant  removal  but  some  of  the  Class  2  aqueous  emulsified  detergent  solvents  have 
proven  effective.  Because  it  is  an  aqueous  solvent,  copious  amounts  can  be  applied  to 
surfaces  without  risking  penetrant  removal  from  flaws.  However,  because  of  the 
solvent’s  slow  evaporation  rate,  heat  or  long  times  must  be  employed  before  developer 
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application.  In  lieu  of  evaporating  solvents  from  the  surface,  isopropanol  and  methanol 
have  been  used  as  solvent  removers,  but  they  are  flammable.  A  number  of  new  Class  2 
materials  are  available,  as  are  a  number  of  HCFC’s  with  Class  1  status,  including  141  B, 
which  will  be  available  for  some  time. 
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2.0  Alternatives  to  1,14  -  Trichloroethane 


2.1  Solvent  Type  Alternatives  to  1,1,1  -  TCA 

Alternatives  to  TCA  include  the  petroleum  distillates  of  the  following  organic 
compounds:  n-paraffins,  alcohols,  ketones,  naphtha,  and  n  -  methyl  -  pyrrolidone.  These 
solvents  are  acceptable  in  many  instances  where  flammability  is  not  an  issue.  Many 
chlorinated  compounds  can  function  as  substitutes  for  TCA,  however  many  have  toxicity 
problems  associated  with  their  open  use. 

Ashland  Chemical  now  markets  seven  alternative  solvents  for  TCA.  These 
solvents  are  composed  of  primarily  hydrocarbon  solvents  with  glycol  ether  additives. 
Ashland  is  also  working  with  Shell  to  market  its  diacetone  alcohol  cleaner.  The  solvent 
is  said  to  be  safer  than  acetone  (less  volatile  and  a  lower  flash  point)  and  exhibits 
excellent  solvating  properties. 

Dupont’s  attempt  to  resolve  the  TCA  issue  include  marketing  HCFC’s  that  are 
possible  interim  TCA  replacements  (until  HCFC  banning  in  2020);  selling 
perfluorocarbon  solvents  to  a  restricted  clientele  and  researching  a  number  of  dibasic 
ester  products  (DBE).  DBE  is  a  refined  mixture  of  dibasic  esters  typically  including  17 
%  dimethyl  adipate,  66  %  dimethyl  glurate  and  17  %  dimethyl  succinate.  DBE  has 
exhibited  no  reproductive  or  developmental  toxicity  (  Gallagher,  1990).  DBE  is 
suggested  as  an  alternate  to  methylene  chloride  as  well  as  TCA. 

Dow  Chemical,  the  largest  manufacturer  of  TCA,  is  restructuring  its  chlorinated 
solvent  business  ( C&E  News  1994).  It  has  been  suggesting  customers  replace  TCA  with 
glycol  ether  combinations  or  trichloroethylene.  Dow  is  also  suggesting  replacement  of 
TCA  with  perchloroethylene  in  operations  where  toxicity  problems  are  not  a  major 
concern. 

Exxon  produces  a  number  of  alternatives  as  TCA  replacements  and  they  include 
iso-paraffins,  normal  paraffins,  and  heavy  aromatics.  These  solvents  are  not  intended  as 
drop  in  replacements  because  of  differences  in  solubility  and  evaporation  profiles. 
Hoechst  Celanese  produces  a  methylene  dimethyl  ether  solvent,  Methyal.  The  product 
possesses  excellent  potential  for  replacing  many  chlorinated  solvents  including  TCA  and 
methylene  chloride. 

Terpene  type  compounds  are  being  touted  as  viable  replacements  for  TCA  and 
methylene  chloride.  A  number  of  companies  produce  and  market  these  terpenes  that  are 
isolated  from  natural  sources  such  as  orange  peels  or  cantaloupes.  The  compounds  are 
typically  mixed  with  an  organic  solvent  such  as  a  hydrocarbon,  a  non-ionic  type 
surfactant,  and  antioxidants. 
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Another  alternative  solvent  for  TCA  is  produced  and  marketed  by  GAF  under  the 
name  Foamflush.  These  materials  are  believed  to  be  an  ester  of  organic  acid  and 
additives.  Foamflush  is  a  polar  aprotic  solvent  with  outstanding  solvating  characteristics, 
waste  material  is  classified  as  non-hazardous,  reducing  disposal  costs  when  compared 
with  methylene  chloride.  Foamflush  has  a  very  slow  evaporation  rate  that  may  present 
problems  for  some  applications. 

Below  is  a  table  that  summarizes  some  of  the  information  above  regarding  organic 
solvents ,  semi-aqueous,  and  aqueous  alternatives  to  TCA: 


ORGANIC  SOLVENTS 

Producer 

Advantages 

Disadvantages 

Dibasic  Ether 

Dupont 

Solubility 

Flammability 

HCFC’s 

Dupont 

Solubility  &  Flammability  2020Controlled 

Trichloroethylene 

Dow  Chemical 

Solubility  &  Flammability  Toxicity 

Paraffins  /  Aromatics 

Exxon 

Solubility 

Flammability 

Methylene  Ether 

Hoechst 

Solubility 

Flammability 

Perchloroethylene 

Dow  Chemical 

Solubility 

Toxicity 

Glycol  Ethers 

Dow  Chemical 

Solubility 

Flammability 

Ester  Alcohols 

Eastman 

Solubility 

Flammability 

Hydrocarbon  &  Glycol  Ethers 

Ashland 

Solubility 

Flammability 

Terpene  &  Hydrocarbon  Based 

Brinmont 

Solubility 

Toxicity 

Diacetone  Alcohol 

Shell 

Solubility 

Flammability 

Foam  Flush 

GAF 

Solubility 

Flammability 

Aqueous  &  Semi-Aqueous  &  Solvent 

Ecolink 

Aqueous 

Solubility 

Terpene 

Pride 

Solubility 

Toxicity 

Terpene  &  Semi  Aqueous 

Macdermaid 

Solubility 

Toxicity 

Aqueous 

Kleer-Flo 

Solubility 

Toxicity 

2.2  Solvent  Based,  Aqueous  Emulsion  Cleaners,  &  Semi  Aqueous  Cleaners 

Solvent  based  and  emulsion  cleaners  have  been  used  for  years  to  clean  metal 
parts.  Solvent  based  cleaning  systems  contain  an  organic  solvent  that  is  in  combination 
with  nonyl  phenol  ethoxylate  surfactant  and  cosolvent.  These  cleaning  systems  are 
available  from  a  variety  of  commercial  sources. 

Terpenes  are  a  class  of  naturally  occurring  chemicals  isolated  from  the  essential 
oils  of  various  fruits,  spices,  and  vegetables.  Brinmont  Corporation  markets  a 
biodegradable  cleaner  based  on  D-  limonene  called  Brinsolv  DL.  Brinsolv  DL  is  a  water 
dispersible  and  rinsable  cleaning  solvent.  A  number  of  other  terpene  cleaners  can  be 
formulated  using  Beta-pinene,  Alpha-terpene,  and  Dipenetene  (Robinson,  1991). 

Water  soaking  for  a  specified  time  in  a  terpene  solution  is  a  good  option  to 
cleaning  with  TCA.  A  closed  loop  cleaning  system  should  be  used  because  of  waste 
disposal  considerations.  D-limonene  is  a  relatively  safe  and  highly  effective  organic 
solvent  that  is  replacing  chlorinated  solvents  to  find  increasing  usage  in  household  and 
industrial  cleaning.  D-limonene  has  been  described  as  a  skin  sensitizer  although  there  has 
not  been  any  scientific  literature  to  confirm  this  assertion.  The  limonene  based  cleaners 
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are  high  water  type  emulsion  cleaners.  The  organic  component  of  the  emulsion 
solubilizes  the  organic  contaminant  and  the  water  serves  as  a  rinsing  vehicle.  The 
advantages  of  this  type  of  cleaning  system  include  a  high  flash  point,  low  volatility,  little 
residual  material  after  cleaning,  and  they  are  not  CFC’s.  The  primary  disadvantage  of 
this  type  of  cleaner  is  slightly  different  solubility  parameters  from  TCA.  This  requires 
modification  of  degreasing  equipment,  making  them  more  energy  dependent.  Another 
disadvantage  is  that  the  run  off  must  be  treated  as  waste  chemical  (Robinson,  1991). 

Semi-aqueous  cleaners,  such  as  DuPont’s  Axarel,  are  another  class  of  chemicals 
that  could  be  effective  replacements  for  TCA.  Semi-aqueous  cleaners  are  ideal  for 
solvating  heavy  greases,  oils  and  tars,  but  are  typically  flammable.  Closed  equipment  is 
needed  for  any  large  scale  processing  using  these  solvents. 

2.3  Aqueous  Cleaners 

Most  aqueous  cleaners  consist  primarily  of  an  alkaline  salt  and  they  have  been 
widely  used  in  the  adhesive  area  for  years  as  metal  pre-treatments.  Detergents,  soaps,  and 
caustic  soda  are  inexpensive,  non-toxic,  and  the  easiest  cleaning  agents  to  handle.  They 
can  be  applied  by  spray,  immersion  or  scrubbing,  and  can  remove  many  types  of  dirt, 
oils,  and  grease.  Aqueous  cleaners  typically  contain  organic  surfactants  that  assist  in 
emulsification  of  the  organic  contaminant.  They  also  contain  pH  buffers,  deflocculents, 
corrosion  inhibitors,  and  other  additives  (Robinson,  1991). 

The  primary  advantages  of  using  aqueous  cleaners  are  that  they  have  no  volatile 
organic  compounds  (VOC)  or  flash  point  problems.  Switching  to  water  based  cleaners 
insures  a  long  term  solution  and  investment.  Among  the  disadvantages  are  the  time  and 
energy  associated  with  cleaning  parts,  lower  solvating  ability,  modification  of  equipment, 
and  in  many  instances,  purchase  of  new  equipment. 

A  great  deal  of  variability  has  been  noted  in  the  cleaning  of  metal  surfaces  with 
aqueous  cleaners.  It  is  felt  that  much  of  this  variability  results  from  the  cleaning 
technique.  The  most  important  factors  in  the  aqueous  alkaline  cleaning  of  surfaces  are: 
(1)  the  alkaline  cleaning  solution  should  be  newly  prepared  and  free  of  contaminants  (2) 
the  proper  pH  should  be  maintained  for  the  cleaning  solution  (3)  the  temperature  of  the 
aqueous  solution  should  be  as  high  as  convenient  to  achieve  good  cleaning  in  a  minimum 
amount  of  time  and  (4)  agitation  of  the  cleaning  solution  will  assist  the  dissolution  of 
contaminants. 

Steam  cleaning  tvith  detergents  is  another  well-developed  water  based  method  of 
cleaning  surfaces.  Steam  can  provide  the  mechanical  agitation  of  the  surface  contaminant 
while  the  detergent  emulsifies  the  contaminant.  Filtration  of  the  waste  water  can  be 
accomplished  and  the  water  reused.  Because  of  the  cleanliness  of  the  parts  and  the  lack 
or  residual  contaminant,  steam  cleaning  is  an  alternative  to  TCA  cleaning  of  surfaces. 
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Surfactants  can  be  combined  with  glycol  coupling  agents  and  water  to  form  good 
water  based  cleaners.  The  surfactants  typically  used  in  these  types  of  cleaners  are 
primarily  non-ionic,  with  a  lesser  amoxmt  being  cationic,  or  anionic.  Siufactants  typically 
exhibit  high  surface  tension  as  well  as  various  degrees  of  detergency,  foaming,  solubility, 
and  emulsification  of  contaminants. 

2.4  Problems  with  Semi-Aqueous  and  Aqueous  TCA  Replacements 

The  two  primary  problems  with  aqueous  or  semi-aqueous  replacements  for  TCA 
are  waste  disposal  and  solubility  extent.  The  waste  from  the  cleaning  process  will 
contain  cleaners  as  well  as  a  combination  of  greases,  oils,  and  other  contaminants.  The 
regulations  of  the  controlling  mimicipality  may  consider  these  products  to  be  hazardous 
waste.  Consequently,  specific  water  treatment  methods  may  be  required  to  make  waste 
water  acceptable  for  drain  disposal. 
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3.0  Industrial  Contacts  and  Information  Concerning  Trichloroethane  Substitutes 


The  chart  below  summarizes  TRI/Austin’s  contacts  with  industrial  producers  of 
TCA  substitutes.  Section  5.0  contains  technical  information  on  the  products.  The 
alternatives  to  TCA  include  solvents,  semi-aqueous,  and  aqueous  materials. 


Contact 
Sally  McCoach 
Alice  Brown 
Anthony  Durante 
Scott  Lange 
Bill  Green 
Jeff  Berlin 
Kevin  Raberge 
Bob  Griffiths 


Telephone 

1-800-231-0988 

1-800-234-5115 

1-201-628-3913 

1-919-292-0566 

1-404-621-8240 

1-516-752-7848 

1-612-934-3909 

1-203-575-5700 


Product/Company 
DiBasic  Ester/Dupont 
ArcoSolv  Solvents 
Foam  Flush 
Brinsolv  DL 
Ecolink  Inc. 

Pride  Inc. 

Kleer  Flo 
MacDermaid 


Comments 

Seven  DBE  Replacements 
TCA  Replacement,  Flammable 
MeC12/TCA  Replacements 
MeC12  Replaces,  Toxicity 
20  Alternatives,  Excellent 
Citrosolv  Plus 
GreasofP2 

Multiple  Products,  Good 


ATT  is  evaluating  n-butyl  butyrate  isolated  from  cantaloupes  for  chip  cleaning. 
Hewlett  Packard  is  replacing  CFC’s  with  n-methyl  pyrrolidone  for  cleaning  processes. 
Ashai  has  been  active  in  the  development  of  TCA  alternatives  and  has  developed  a  series 
of  semi-aqueous  and  aqueous  alternatives.  Oxychem  has  developed  some  chlorinated  and 
fluorinated  toluene  derivatives. 
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4.0  Contact  With  Other  Government  Agencies  Concerning  TCA  Alternatives 


At  the  suggestion  of  ARL-MD  several  other  government  sectors  that  are  also  looking 
for  TCA  alternative  solvents  were  contacted  in  the  execution  of  this  study.  The  most  useful 
information  was  obtained  from  the  Wright  Patterson  Air  Force  Base,  which  has  been  actively 
involved  in  seeking  TCA,  ozone  depleting  compoimds,  and  hazardous  solvent  replacements  for 
several  years.  The  investigations  for  the  alternative  solvents  involve  NDI  as  well  as  other 
specific  applications.  The  literature  obtained  provides  an  excellent  starting  point  in  the 
identification  of  TCA  alternatives,  including  many  points  of  contact.  Mr.  Chuck  Pallerin  was 
extremely  useful  in  identifying  the  key  personnel  involved  with  the  identification  of  ozone 
depleting  or  hazardous  materials  options.  The  two  individuals  most  intimately  involved  in  this 
effort  are  Carroll  Herring  and  Jim  Folck.  A  booklet  has  been  published  entitled  “ASC 
Alternative  Materials  Guide”  identifying  Air  Force  and  private  industry  efforts  in  alternative 
solvents  throughout  the  world.  A  new  list  of  alternative  materials  and  points  of  contact  is 
under  development  for  a  new  edition.  The  updated  spreadsheet  portion  is  included  in  this 
section.  This  includes  the  most  updated  information  available  from  the  Air  Force  on  ozone 
depleting  and  hazardous  materials  alternatives.  This  should  provide  an  excellent  starting  point 
for  the  Army  effort.  The  information  includes  substance,  specific  process,  alternative  process  / 
product  being  proposed  or  under  investigation,  status  of  implementation,  information  source, 
advantages,  and  points  of  contact.  Two  compounds  that  were  mentioned  in  conversations  of 
the  penetrant  process  as  TCA  replacements  were  Electron  (manufactured  by  Ecolink)  and  EPA 
2000  (manufactured  by  Western  Chemical  International).  There  is  a  general  agreement  that 
there  is  no  plug  in  alternative  for  TCA  in  all  applications.  The  material  or  process  chosen  as 
TCA  substitutes  will  depend  on  the  complete  service  profile  for  the  application.  Steve 
Spatafora  at  the  Naval  Air  Warfare  Center  was  also  contacted,  and  while  NAWC  is  extremely 
concerned  about  the  problem  and  investigating  alternatives,  their  studies  are  not  presently  as 
developed  as  the  Air  Force  at  Wright  Patterson. 


INDIVIDUAL 

CHARLES  PALLERIN 
JIM  FOLCK 
CARROLL  HERRING 
STEVE  SPATAFORA 


TELEPHONE  # 

1-513-255-3929  ^ 

1-513-255-3059 
1-513-257-5567 
1-215-441-2704 


Also  included  is  Section  6.0,  a  copy  of  the  “ASC  Hazardous  Material  Alternatives  Guide”  that 
was  compiled  by  the  USAF.  The  document  includes  on  hazardous  materials  and  provides  a 
listing  of  viable  options  for  specific  applications.  The  documents  also  includes  general 
applications  such  as  cleaning  of  surfaces  as  well  as  surface  preparation  before  adhesive 
bonding.  The  appendix  at  the  end  of  the  ASC  document  concerning  hazardous  materials 
alternatives  listing  has  been  recently  updated  and  is  included. 

Los  Alamos  National  Laboratory  (LANL)  has  also  conducted  a  study  to  investigate 
identification  of  appropriate  solvent  substitutes  (refer  to  the  Pollution  Advisor  article).  The 
study  involved  identifying,  testing,  and  gathering  information  on  alternative  solvents  and 
methods. 
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4.1  Government  Information  on  TCA  Substitutes 


This  section  contains  a  number  of  tables  and  information  concerning  the  studies  and 
testing  for  TCA  substitutes.  It  contains  a  great  deal  of  relevant  material  concerning  the 
products  available,  application,  and  points  of  contact.  I  would  like  to  acknowledge  the  people 
previously  mentioned  at  Wright  Patterson  for  their  assistance  in  obtaining  this  pertinent 
information. 
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List  of  potential  ODC/HAZMAT  alternatives.  Identification  of  an  alternative  on  this  list  does  not  endorse  its  use  or  auihori2e  deviation  from  the  Tech  Order.  The  single  manager  must  approve 
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List  of  potential  ODC/HAZMAT  alternatives.  Idantifrcation  of  an  alternative  on  this  list  doss  not  endorse  its  use  or  authorize  deviation  from  the  Tech  Order.  The  single  manager  must  approve  changes  to  Tech  Orders. 
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5.0  Supplier  Information  on  Products 

This  section  contains  some  technical  product  literature  of  identified  products. 
This  section  is  not  intended  to  provide  information  on  all  the  TCA  substitutes  but 
provides  information  on  some  of  the  viable  materials  unearthed  in  this  study. 
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MacDermicI 

IfNjCaRPOFlATED 


245  FREIGHT  STREET  -  WATERBURY.  CT  06702  -  TELEPHONE  (203)  575-5700  -  INTU.  FAX  203-575-7900  -  DOM.  FAX  203-575-5630 

August  24,1994 


Mr.  John  Bulluck 
Texas  Research  Institute 
91063  Bee  Caves  Rd. 
Austin,  Tx  78733 


Dear  Mr.  Bulluck, 

Thank  you  for  your  interest  in  MacDermid's  new  line  of 
aqueous  cleaners  -  New  Dimensions.  MacDermid  has  been  a 
leader  in  cleaning  technology  for  over  75  years.  This 
breadth  of  technology  has  enabled  us  to  develop  a  series  of 
cleaners  specifically  designed  to  replace  harmful  chlorinated 
solvents . 

New  Dimensions  are  environmentally  safe  and  in  most  cases 
clean  better  than  the  harmful  products  they  replace.  Here  is 
what  one  large  automotive  supplier  had  to  say. 

"New  Dimensions  provided  capable  degreasing  performance 
with  a  67%  reduction  in  cycle  times.  Mechanical 
evaluation  of  bond  integrity  indicated  a  14%  increase 
in  bond  strength  and  a  37%  increase  in  bond  ductility 
when  compared  to  current  vapor  degreasing  methods." 

Our  best  selling  product.  Supreme  (#10007)  has  proven  to  be 
an  effective  solvent  replacement.  Supreme  will  safely  and 
effectively  remove  most  soils  from  steel  as  well  as  other 
substrates.  Enclosed  you  will  find  a  technical  data  sheet 
and  MSDS  for  Supreme. 

We  would  be  happy  to  test  your  parts  at  MacDermid 's  pilot 
test  facility.  Here  we  utilise  agitation,  ultrasonics  or 
spray  agitation  to  duplicate  your  process.  If  you  have  any 
further  questions  or  would  like  to  arrange  for  testing  please 
call  me  at  203-575-5726. 


Sincerely, 


Robert  Grir^iths 
Program  Manager 
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A  SPECIALTY  CHEMICAL  COMPANY 


maeDermid  NEW  DIMENSIONS  SUPREMg 

INCORPORATED  AlkallnG  Liquid  Cieaner  Dcgreasar 

Product  Code  No.  10007 


A  HIGHLY  CONCENTRATED 
MILD  ALKAUNE  LIQUID  CLEANER/DEGREASER 

DESCRIPTION:  NEW  DIMENSIONS  Supreme  is  a  concentrated  all  purpose  mildly  alkaline  cleaner  and 

degreaser. 

Supreme  helps  to  eliminate  high  disposal  costs  and  problems. 

Supreme  can  be  used  over  and  over  in  the  same  solution  effectively. 

Supreme  eliminates  highly  dangerous  vapor  systems. 

Supreme  makes  water  "wetter",  penetrate  deeper,  emulsifies  and  suspends  dirts  and  soil 
quicker,  safer  and  easier. 

Supreme  is  free  rinsing  and  therefore,,  leaves  no  film  or  residue. 

After  cleaning  with  Supreme,  the  surface  is  often  ready  for  plating,  painting  or  welding 
with  no  additional  preparation  necessary. 

Supreme  has  a  built-in  passive  inhibitor  for  short  term  elimination  of  oxidation. 


FEATURES  & 

BENEFITS: 

•  Envi  ronmentally  Safe  Liquid 


•  Safe  on  all  surfaces  (when 
used  as  directed) 


•  Super  Concentrate 


Contains  no  chlorinated  solvents 

Contains  no  petroleum  distillates 

Non-flammable 

Biodegradable 

USDA  approved 

General  purpose  cleaner 

Free  rinsing 

Built-in  corrosion  inhibitor 
Economical 

Can  be  used  in  any  type  of  immersion 
cleaning  equipment  or  one-shot  off-line 
spray  cleaning 

Effective  in  hot  or  cold  solutions 
Degreaser  replacement 
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CONTROL: 


A  hand-held  refraclometer  is  the  recommended  method  for  analysis  of  Supreme.  A 
refractometer  calibrated  in  *BRIX  with  a  range  of  0  to  10*  is  suitable.  The  refractometer 
reading  times  5.5  will  give  an  approximate  of  the  concentration. 

%  Supreme  =  (Refractometer  Reading)  x  5.5 

Wet  analysis  of  Supreme  is  as  follows: 

indicator  -  methyl  orange 

dissolve  1  gram  methyl  orange  into  1 ,000  mL 
deionized  water 

Titrant  -  0.5N  sulfuric  acid 

1 .  25  mL  sample  of  working  solution  (be  careful  not  to  collect  any  oils,  greases  from 
surface) 

2.  Add  50  mL  deionized  water 

3.  Add  1 0  drops  of  methyl  orange  indicator 

4.  Titrate  sample  with  0.5N  acid  to  pink  end  point 

5.  %  Supreme  b/v  =  mL  of  0.5N  add  X  3.1 

An  automatic  control  system  is  also  available  for  continuous  analysis  and  replenishment. 
Contact  your  MacDermid  representative  for  additional  details. 


SAFETY  &  MacDermid  Inc.  recommends  that  the  company/operater  read  and  review  the 

WARNING  :  MacDermid  Materials  Safety  Data  Sheets  for  the  appropriate  health  and  safety  warnings 

before  use. 

Material  Safety  Data  Sheets  are  available  from  MacDermid  Incorporated. 


WASTE  Prior  to  using  any  recommendations  or  suggestions  by  MacDermid  Inc.  for  waste 

DISPOSAL :  treatment,  the  user  is  required  to  know  the  appropriate  local/state/federal  regulations  for 

on-site  or  off-  site  treatment  which  may  require  permits.  If  there  is  any  conflict  regarding 
our  recommendations,  local/state/federal  regulations  take  precedent. 

in  order  to  separate  greasy,  oily  contaminants  from  a  used  Supreme  emulsion,  the  pH  of 
the  spent  solution  should  be  dropped  to  between  6.5-7.5  with  muriatic  acid  (consult  your 
supplier  for  proper  handling  and  treatment  procedures)  and  allowed  to  sit  in  a  still  tank 
for  up  to  36  hours. 

After  the  material  has  been  released  and  has  risen  to  the  surface,  it  can  be  skimmed 
from  the  top.  The  oily  waste  material  can  then  be  drained  off  and  disposed  of  as 
hazardous  waste.  The  spent  cleaning  solution  can  then  be  disposed  of  through  an 
effluent  waste  water  disposal  system. 


ORDER  Product  Product  Code 

INFORMATION: 

NEW  DIMENSIONS  10007 

Supreme 


Container 

330  gal  tote 
55  gal  drum 
5  gal  pail 
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Page  3  of  3  -  December  16, 1993 
New  Dimensbns  Supreme 
Alkaline  Liquid  Cleaner/Degreaser 


MACDERMID  INCORPORATED 
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SECTION  1 


PRODUCT  IDENTIFICATION 


TRADE  NAME:  NEW  DIMENSIONS  SUPREME 

CHEMICAL  FAMILY:  INORGANIC  /ORGANIC  MIXTURE 
FORMULA:  Proprietary  Mixture 

HMIS  RATING:  1  HEALTH  0  FLAMABILITY  0  REACTIVITY  OTHER 

0“lnsignificant  l=Slight  2-Moderate  3-High  4-Extreme 

SECTION  2  HAZARDOUS  INGREDIENTS 

IfecDermid  Incorporated  has  identified  the  following  chemical 
ingredient ( s )  as  hazardous. 


INGREDIENT(S) _ 

Dipropylene  Glycol  Methyl  Ether 


CAS  #  BY  WEIGHT  % 
34590-94-8  4-8 


SECTION  3 


PHYSICAL  DATA 


DENSITY:  9.01  LB/GL 
SPECIFIC  GRAVITY:  1.080 
FREEZING  POINT: 32  F  OC 
SOLUBILITY  IN  WATER:  Complete 
COLOR :  Blue 


FORM:  Liquid 
pH:  12.8 

FLASH  POINT:  n/ a 
VAPOR  PRESSURE:  n/a 


ODOR :  Mild 

NOTE:  These  physical  properties  are  typical  values  for  this  product 

SECTION  4  FIRE  AND  EXPLOSION  DATA 


FLASH  POINT:  n/a 
EXTINGUISHING  MEDIA: 

NEVER  allow  run-off  to  enter  sewers  or  waterways. 
Waterspray;  carbon  dioxide;  dry  chemical;  foam;  halon 
As  appropriate  for  surrounding  material 

UNUSUAL  FIRE  AND  EXPLOSION  HAZARDS: 

Wear  self-contained  breathing  apparatus /protective  clothing 
Fight  fire  from  remote  locations 
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SECTION  7 


PERSONAL  PROTECTIVE  DATA 


RESPIRATORY  PROTECTION:  If  the  OSHA-PEL/ACGIH-TLV  are  exceeded,  it  is 
recommended  that  a  NIOSH  approved  respirator  be  used.  Consult  with  your 
industrial  hygienist  for  appropriate  cartridge  selection  &  use. 

®?try  into  large  tanks,  vessels  or  enclosed  small  spaces  with 
inadequate  ventilation,  a  pressure-demand,  self-contained  breathing  ^ 
apparatus  is  recommended.  “ 


VENTILATION:  General  ventilation  is  recommended.  Additionally,  local 
exhaust  ventilation  is  recommended  where  vapors,  dusts,  mists,  or  aerosols  may 

D6  reieaspri^  j 


PROTECTIVE  EQUIPMENT: 


Splash  proof  goggles;  Face  shields;  Chemical  aprons;  Boots  and  gloves. 

The  availability  of  an  eye  wash  fountain  and  safety  shower  is  recommended. 


^^lothing  is  contaminated,  remove  clothing  and  thoroughly 
body  area.  Launder  contaminated  clothing  before  reuse. 


wash  the  affected 


your  Safety  Professional /Industrial  Hygienists  for  specific 
information  regarding  applications  at  your  facility? 


SECTION  8 


TOXICOLOGY  DATA 


TOXICITY  STUDIES:  Toxicity  Studies  have  not  been  conducted  on  this  nroduct 

O"  ingradi^ant ( a )  ' 

ACUTE  ORAL  TOXICITY:  Dipropylene  Glycol  Methyl  Ether:  LD50  =  5660  mg/kg  (Rat) 
ACUTE  DERMAL  TOXICITY:  Dipropylene  Glycol  Methyl  Ether;  LD50  =  9500  mg/kg  (Rat) 
ACUTE  RESPIRATORY  TOXICITY:  Unknown 
TOXICITY  HAZARD  REVIEW  (THR) : 

Dipropylene  Glycol  Methyl  Ether  is  mildly  toxic  by  ingestion 
ana  skin  contact.  A  mild  allergen.  Flammable  when  exposed 
'  9**^  react  with  oxidizing  material.  Excessive 
exposure  to  heat  may  cause  polymerization. 

Listed  as  suspected  carcinogen  by:  lARC:  no  NTP:  no  OSHA:  no 


SECTION  9  REACTIVITY  DATA 

INCCMPATIBILITY:  Acids 

HAZARD  DECOVIPOSITION  PRODUCTS:  Unknown 
STABILITY:  Stable 
CONDITIONS  TO  AVOID:  Unknown 
HAZARDOUS  POLYMERIZATION:  No 
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SECTION  13  REGULATORY  DATA 

The  Following  Regulations  apply  to  this  product. 

FEDERAL  REGULATIONS: 

OSHA  HAZARD  COMMUNICATWN  RULE,  29  CFR  1910.1200:  Based  on  our  evaluation,  the 
following  ingredients  in  this  product  are  subject  to  this  rule: 

CHEMICAL  NAME  CAS  #  BY  WEIGHT  %  OSHA -PEL  ACGIH-TLV 

Dipropylene  Glycol  Methyl  Ether  34590-9A-8  4-8  100  ppm  100  ppm 

CERCLA / SUPERFUND .  4  0  CFR  117,  302/304:  Notification  of  spills  of  this 
product  IS  NOT  required. 

SARA /SUPERFUND  AMENDENTS  &  REAUTHORIZATION  ACT  of  1986  (TITLE  UD -Sect  ion 
302 ,311, 312, &  313: 


SECTION  302:  Extremely  Hazardous  Substances  (40  CFR  355) 

This  product  does  not  contain  ingredients  listed  in  APPENDIX  A  of  40  CFR  355 
as  an  extremely  hazardous  substance  (EHS): 


SECTIONS  311  &  312  -  M.S.D.S.  REQUIREMENTS  (40  CFR  370): 

This  product  contains  ingredients  listed  in  APPENDIX  A  of  40  CFR  355 
and  hazardous  chemicals  under  29  CFR  1910.1200  (c).  The  product 
should  be  reported  under  the  following  E.P.A.  hazard  categories; 

X  Immediate  (Acute)  health  hazard  Delayed  (Chronic)  health  hazard 


Fire  Hazard  Sudden  release  of  pressure  hazard 


Reactive  hazard 

Under  Section  311,  submittal  of  MSDS’s  or  a  list  of  product  names  to  the  local 
emergency  planning  commision,  state  emergency  response  commission,  the  local 
fire  department  is  required  after  October  17,1987.  Consult  the  regulation  for 
pertinent  changes  and  updates. 
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I NTERNAT I ONAL  REGULAT I ONS : 

Canadian  Domestic  Substance  List  (CDSL) : 

The  chemical  ingredients  in  this  product  are  listed  with  the.C.D.S.L. 

The  infonnation  listed  above  does  not  include  all  Federal,  State,  and 
International  regulations .  The  regulations  listed  above  may  change  from 
time  to  time;  it  is  the  user’s  responsibility  to  keep  advised  of  current 
regulatory  requirements. 


^  Regulatory  Compliance  Department,  based 
upon  publicly  available  reference  information. 

SECTION  14  USER  NOTIFICATION 


ILmh  H  K  !  cont.ln.d  h.r.ln  It  eorx.et.  AM  eh.mle.lt  may  prt.tnl  unknown 

health  hazard,  and  thould  be  utad  with  eautlon.  Although  etrtain  hazard,  art  da.eribad  h.raln,  w.  e.nnot 
guar.n  a.  that  that,  ara  the  only  hazard,  whieh  axl.t.  Final  da t a rml n. t I  on  of  .ultibitity  of  the  ehamle.l  1. 
the  .Ola  rapon.lbl I  I ty  of  the  utar.  U.art  of  any  ehamleal  .houtd  aatl.fy  th.m.alva.  that  the  eondition.  and 
O^IMPLIED  “of  NO  REPRESENTATIONS  OR  WARRANTIES,  EITHER  EXPRESSED 

W?TH  RESPECT  TO  THb  rnPoputiln:  *  PARTICULAR  PURPOSE  OR  ANY  OTHER  NATURE  ARE  MADE  HERE  UNDER 

H  RESPECT  TO  THE  INFORMATION  CONTAINED  HEREIN  OR  THE  CHEMICAL  TO  WHICH  THE  INFORMATION  REFERS. 
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Ecolink 

Environmentally  Preferred 
Solutions  For  Industry 


FAX  MESSAGE 
From:  BILL  GREEN 
ECOLINK  INC. 

PH:  404/621-8240  FAX:  404/621-8245 
DATE:  August  23,  1994 

#  of  Pages  in  Transmission,  including  This  One: 

TO:  John  Bullock 

Texas  Research  Institute 

FAX:  512-263-3530 


Thanks  for  your  interest  in  ECOLINK’s  Environmentally  preferred  products. 
Attached  you  will  find  some  Information  about  Ecolink,  our  philosophy  and  our 
methods.  I  have  also  enclosed  a  catalog  sheet  detailing  several  of  our  most 
popular  items. 

ECOLINK  products  are  used  by  a  wide  range  of  local  and  regional  companies  as 
well  as  Fortune  BOO  companies,  Including  Southern  California  Edison,  General 
Dynamics,  Litton  Industries,  General  Electric  and  Westinghouse.  We  pride 
ourselves  on  being  able  to  offer  large  and  small  customers  alike,  equivalent  levels 
of  unsurpassed  service. 

Please  review  the  attached  information  at  your  earliest  convenience.  If  you  have 
any  questions  or  need  more  information,  please  call  me. 


1481  Rock  Mountain  Blvd,  /  Stone  Moimtoin,  Georgi#  30083  /  (404)  621  -8240  /  1  -800-886-8240  /  fiix  (404)  62 1  -8245  ^ 
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Ecolink 

l.iuiroiimcnUitly  Pri  fcn  etl 

Product  Data 

Solutions  kor'Industrv 

ELECTRON 

Environmentally  Preferred  Dielectric  Solvent 

In  response  to  the  demand  for  a  non4iazardoiis  electrical  solvent,  we  have 
created  ELECTRON  Environmentaliy  Preferred  Dielectric  Solvent  In  today's 
world  of  complex  chenucals  and  strict  chemical  controls,  ELECTRON 
Environmentaliy  Preferred  Dielectric  Solvent  offers  a  refreshingly  simple 
approach. 

ELECTRON  Environmentally  Preferred  Dielectric  Solvent  is  an  exceptional 
solvent  degreaser  formulated  without  chlorinated  solvents  or  other  hazardous 
Ingredients.  The  base  for  ELECTRON  is  a  unique  high  grade  oil  distillate  which 
prowdes  its  dielectric  strength,  allowing  It  to  be  used  safely  on  all  types  of 
electrical  apparatus.  With  Its  high  flashpoint,  ELECTRON  provides  an 
unprecedented  degree  of  user  safety* 

ELECTRON  Environmentally  Preferred  Dielectric  Solvent  Is  strong  enough  to 
remove  grease,  fuel  oil,  carbon  and  organic  resins  yet  safe  on  most  plastic  and 
rubber  surfaces.  Unlike  other  solvents,  ELECTRON  can  be  used  without 
extensive  protective  equipment  Only  common  sense  chemical  precautions  are 
required,  (see  USDS). 

Benefits  of  ELECTRON  Environmentaliy  Preferred  Dielectric  Solvent: 

1.  Contains  NO  water 

2.  High  dielectric  strength. 

(ASTM  D-877  test  procedures  to  46,000  volts) 

3.  Fully  evaporative,  Leaves  NO  residue. 

4.  NO  hazardous  ingredients  as  defined  by  the  EPA. 

5.  NOT  a  flammable  liquid,  (TCC  Flashpoint  above  145^  F). 

6.  Contains  NO  OSHA  PEL  dr  ACGIH  TLV  listed  ingredients. 

7.  NO  surface  leakage  of  current  In  immediate  residue  tests. 


Boiling  Point 

370-380  °  F 

Hash  Point 

147  "F 

Specific  Gravity  (H2O  =  1) 

0.784 

EL'0206 

Eeoirri;  (A  DKf.  or  S«r^ 


A  OlVKjRIN  OF 

SENTBT  CHEMICAL  COMPANY 


H91  Roc^  Moimtaizk  RlvcL  /  Slone  Muunuin,  Georgiy  30096  f  (404)  621-9240  /  1-90(F88M240  / (404)  621-S24S 


AUG  23  ^94  10:01 
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ECXMJNK.  INC.  (A  WV.  OF  SENTRY  CHEMICAL  CO),  1481  ROCK  MTN  8LVD.,  STONE  MOUNTAIN,  GA  30083 
TEL-  80(V8e&S240  OR  404/B21<8240  REVISED  OemaM 


TRIS  MSDS  COMPUES  WITH 
OSHA'S  HAZARD  COMMUNICATION 
STANDARD.  20  CFR  1810.1200. 
STANDARD  MUST  BE  CONSULTED 
FOR  SPECIFIC  REQUIREMENTS. 


U.S.  DEPARTMENT  OF  LABOR 
OCCUPATIONAL  SAFETY  AND 
HEALTH  ADMINISTRATION. 
(NOULMANDATORY  FORM) 
FORM  APPROVED  BY  OMB 


PRODUCT  IDENTITY  (AS  USED  ON  LABEL  &  U8T)  ; 


ELECTRON 

ENVIRONMENTALLY  PREFERRED  DIELECTTRIC  SOLVENT 

MANW^TURERS  NAME  EMERGENCY  TELEPHONE  NUMBERS: 

SENTRY  CHEMICAL  CO  800/886-8240  or  800/877-3339 

1481  ROCK  MOUNTAIN  BLVD.  404/621-8240  or  404/93A4242 

STONE  MOUNTAIN,  GA  30083 


COMPONENTS* 

(SPECIFIC  CH^CAL  IDENTITY;  COMMON  NAMES  S  CAS  NUMBERS) 
08HA  PEL,  ACQIH  TLV,  14 .  OTHER  UMITS  RECOMMENDED 


HYDROTREATED  LIGHT  DISTILLATE 

CAS «  64742-47-8  »80.0  %  PEL/TLV  300  ppm  SMG/M3  (As  Fmo  Mist) 

SEE  SECTION  VI  FOR  PEl/TLV  INFORMATION 

THIS  PRODUCT  COMTAINS  HIGHLY  REFINED  AUPHATIC  HYDROCARBONS  AND  TERPENE8,  WHICH  ARE  NOT 
CONSIDERED  HAZARDOUS  OR  RESTRICTED  BY  EPA  RCRA 

ELECTRON,  IN  ITS  PURCHASED  FORM,  IS  NOT  REGULATED  UNDER  SARA  TITLE  III  SECTIONS  311  S  312. 

CERCLA(»uperfund)-N/A  HMI8- 0/2/0/B  NFPA- 1/2/0 

DOTraflutated-N/A  DOT  Proper  Shippinp  Name -N/A  DOT  hazard  dee*  -  N/A  DOT  number- N/A 

NOTE  ELECTRON  DIELECtRIC  SOLVENT  IS  COMBUSTIBLE  (FLASHPOINT  BELOW  200  dog  F),  AND  SHOULD  BE 
HANDLED  WITH  CARE  AROUND  OPEN  FLAME.  "8’-/.'^  onwuu^  Bt 


BOlUNG  POINT :  370-380®  F 
VAPOR  PRE8SURE(mm  Hg.) ;  <1 
VAPOR  DEN8I7Y(AIR=1);  >1 

SOLUBIUTY  IN  WATER:  NEGLIGIBLE 


SPECIFIC  GRAVITY(H20=1) :  0.784 
MELTING  POINT:  N/A 
EVAPORATION  RATE :  <1 
(BUTYLACETATE  =  1) 


APPEARANCE  A  ODOR:  CLEAR,  COLORLESS  LIQUID  WITH  MILD  CITRUS  ODOR 


-  centinuKf  en  PBoe  hw - 
«Vwr«ide 
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PAGE  2  MSDS :  ELECTRON  DIELECTRIC  SOLVENT  PART  •029* 

ECOUNI^  INC.  (A  DIV.  OF  SENTRY  CHEMICAL  CO).  14*1  ROCK  MTN  BLVD.,  STONE  MOUNTAIN,  OA  30083 


FLASH  POINT  (TCC  METHOD) :  F 

FLAkm«ABLE  LIMITS :  NONE  KNOWN 

EXTINGUISHING  MEDIA ;  REGULAR  FOAM,  C02  OR  DRY  CICMICALS 

^OVTOWBmSiING  APP^  ^  ^  HYDROCARBON  FIRE.  WEAR  SELF^ONTAINED.  NI08H 

HAZARDS;  NON-TOXIC  AND  TOXIC  FUMES  MAY  FORM  UPON  COMBUSTION. 


STABILITY:  STABLE  CONDITIONS  TO  AVOID:  EXCESSIVE  HEAT 

INCO»«>ATIBIUTY  (MATERIALS  TO  AVOID) :  AVOID  CONTACT  WITH  STRONG  OXIOIZINQ  AGENTS 
HAZARDOUS  DECOMPOSITION :  OXIDES  OF  CARBON  MAY  BE  FORMED  UPON  COMBUSTION 
HAZARDOUS  POLYMERIZATION :  Wia  NOT  OCCUR 


PRIMARY  ROUTES  OF  EXP08WE :  OHAL,  INHALATION,  AND  SKIN 

1NQE8TIQN :  CAN  CAUSE  GASTROINTESTINAL  IRRITATION,  NMJSEA,  VOMITING. 

IMHAIATIQN I  ASPIRATION  INTO  LUNGS  MAY  CAUSE  INJURY.  EXCESSIVE  INHALATION  OF  VAPORS  MAY 
CAUSE  DIZZINESS  OR  HEADACHE.  THIS  PRODUCT  HAS  A  LOW  VAPOR  PRESSURE  AND  18  NOT 
EXPECTED  TO  PRESENT  AN  INHALATION  HAZARD.  CAUTION  SHOULD  BE  TAKEN  TO  PREVENT 
AER080UZATI0N  OR  MISTING  WITHOUT  TAKING  SPECIFIC  PRECAUTIONS 
EffiS :  EXPOSURE  TO  HIGH  CONCENTRATION  OF  VAPORS  MAY  CAUSE  IRRITATION. 

SKIN  CONTACT:  PROLONGED  OR  REPEATED  exposure  may  CAUSE  SKIN  IRRITATION.  REPEATED 

LONG-TERM  CONTACT  MAY  CAUSE  EXCESSIVE  DRYING  OR  FLAKING  OF  SKIN. 
first  AID: 

INgeSn;^:  do  not  induce  vomiting.  PRODUCT  CONTAINS  HYDROCARBON,  CALL  PHYSICIAN 
INHALATION:  REMOVE  TO  FRESH  AIR.  F  BREATHING  DIFFICULT,  GIVE  OXYGEN,  CALL  PHYSICIAN. 

EYES:  IRRIGATE  IMMEDIATELY  WITH  WATER  FOR  AT  LEAST  15  MINUTES.  CALL  PHYSICIAN 
SKIN:  WASH  OFF  IN  FLOWING  WATER  OR  SHOWER  USING  SOAP  AND  WATER.  REMOVE 
CONTAMINATED  CLOTHING  AND  WASH  BEFORE  REUSE. 

BECAUSE  OF  THIS  MATERIALS  LOW  VAPOR  PRESSURE  IT  IS  NOT  EXPECTED  TO  PRESENT  AN  INHALATION 
HAZARD  AT  AMBIENT  TEMPERATURE.  n^iiww 

PEl/TLV  INFORMATION: 

THE  TLV  FOR  PETROLEUM  DISTILLATES  IS  300  MG/M3.  NI08H  HAS  RECOMMENDED  A  1(U1R  TWA  OF  100 
MG/M3  FOR  KEROSENE.  SHOULD  THIS  MATERIAL  BE  APPLIED  UNDER  MODERATE  TO  HIGH  PRESSURE.  A  MIST 
MAY  FORM  IN  AIR.  THE  8  HOUR  TWA  PEL  FOR  THIS  PRODUCT  AS  AN  OIL  MIST  IS  5  MG/M3.  EXPOSURES  BELOW 
6  MG^  APPEAR  TO  BE  WITHOUT  ANY  SIGNIFICANT  HEALTH  RISK.  THE  SHORT  TERM  EXPOSURE  LIMIT  FOR 
THIS  PRODUCT  AS  AN  OIL  MIST  IS  10  MG/M3.  AIR  MONITORING  MAY  BE  CONDUCTED  WITH  AN  APPROPRIATE 
ORGANIC  VAPOR  (HYDROCARBON)  MONITORING  SYSTEM.  • 

CARCINOGEN :  NTP-NONE  lARC  M0N06RAPH8-NCXC  OSHA  RE6S-N0NE 

LD  50  INFORMATION,  (BASED  ON  DATA  EXTRAPOLATED  FROM  INGREDIENTS) 

ACUTE  ORAL  TOXtCITY  (RATS):  4.2  Gms/Ks 

ACUTE  DERMAL  TOXICITY  (RATS):  7.0  OnWKg 


-  conUmied  on  Ihm - 

Ir'nHU 
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PAGE  3  MSDS :  ELECTRON  DIELECTRIC  SOLVENT  PART  M296 

ECOUNK.  INC,  (A  DIV.  OF  SENTRY  CHEMICAL  CO),  1481  ROCK  MTN  BLVD.,  STONE  MOUNTAIN,  GA3Ci083 


RESPIRATORY  PROTECTION  :  NOT  REQUIRED  UNDER  CONDITIONS  OF  NORMAL  USE.  IF  VAPOR  MIST  IS 

QENSIATED,  use  a  NIOSH  certified  ORGANICVAPOR  RESPIRATOR  with  a  DUST  and  mist  filter. 

VENTILATION  .-LOCAL  EXHAUST/ HOOD  OR  FAN  MECHANICAL/ NONE  REQUIRED 

PROTECTIVE  GLOVES :  NITRILE  GLOVES  ARE  RECOMMENDED 

EYE  PROTECTION ;  SAFETY  GLASSES  ARE  RECOMMENDED 

OTHER  PROTECTIVE  CLOTHING :  NONE  REQUIRED 

WORK  PRACTICES :  USE  VWTH  ADEQUATE  VENTILATION.  WASH  HANDS  AFTER  USE 


S»^  WLL :  REMOVE  ALL  SOURCES  OF  IGNITION!  ABSORB  LIQUID  ON  ABSORBENT  MATERIAL 

remove  ALL  SOURCES  OF  IGNITION!  PERSONS  NOT  WEARING  PROTECTIVE  EQUIPMENT 
S^m^  EXCLUDED  FROM  AREA  DIKE  AREA  OF  SPia  TO  PREVENT  SPREADING.  THEN  PUMP  INTO 

PROPWAUTHORITIK  RUNOFFS  TO  SEWERS  OR  BODIES  OF  WATER.  IF  RUNOFF  OCCURS,  NOTIFY 

MElkjD :  TREAT  AS  SIMPLE  OIL  WASTE.  INCINERATE  OR  LANDFILL  IN  MANNER 
CONFORMING  TO  STATE,  FEDERAL  AND  LOCAL  REGS. 

PRECAUTIONS  TO  BE  TAKEN  IN  HANDLING  &  STORING  :  TREAT  AS  A  COMBUSTIBLE  LIQUID.  AS  WITH  /\NY 
COM^TIBLE  OH.  OR  SOLVENT.  ALL  RAGS  USED  IN  CONJUNCTION  WITH  THIS  PRODUCT  MUST  BE  PLACED  IN 
A  METAL  SEALABLE  CONTAINER  AFTER  USE  TO  AVOID  THE  POSSIBILITY  OF  SPONTANEOUS  COMBUSTION 
KEEP  CONTAINER  CLOSED.  READ  LABEL  BEFORE  USE.  AVOID  EXCESSIVE  CONTACT  WITH  FUMES  OR  UQUID. 


NSN  685(M>1-375.S555 
N8Ne850^1.37&«663 
NSN686(M1.37S.S554 


PART  «Q286.S5  -  55  GALLON  DRUM 
PART #0285^-  SGAUONPAIL 
PART  40295411  -  I  GALLON  JUG 


^  INFORMATION  CONTAINED  ON  THIS  MATERIAL  SAFETY  DATA 
PROCEDURES  ARE  BASED  ON  EXPERIENCE  AS  OF  DATE  OF  PUBLICATION.  THEY  ARE 
NOT  NECESSARILY  ALL  INCLUSIVE  NOR  FULLY  ADEQUATE  IN  EVERY  dRCUMSTANCE  ALSO.  THE  SUGGESTIONS  SHOULD  NOT 

norfouowedinvwuttonofappucableu^^^ 


END  OF  MSOS ELECTRON  DIELECTRIC  SOLVENT 


2-61 


flUG  23  *94  10:03 


PAGE. 005 


08-23-1994  1 1 : 00PIM  FROM 


TO 


9-9-15122633530 


P.06 


£cx)link 

Environmentally  Preferred 

Solutions  For  Industry 

ELECTRON  TODAY 

As  we  reach  the  drop-dead  date  for  chlorinated  solvents,  ELECTRON  is  proving  to 
be  a  welcome  and  necessary  alternative  cleaner.  The  power  generation 
community  successfully  uses  ELECTRON,  in  place  of  1,1,1  trlchloroethane,  for  all 
maintenance  activities.  While  ELECTRON  is  not  exactly  the  same  as  1,1,1 
trichioroethane  or  CFC-113,  It  can  and  is  being  used  as  an  environmentally 
preferred  alternative. 

•  Utilities  using  ELECTRON,  (for  two  years  or  more).  Include  Southern  California 
Edison,  Lower  Colorado  River  Authority,  Indiana  Michigan  Public  Service, 

United  Illuminating,  Potomac  Electric  Power  and  Virginia  Power. 

•  In  1 990  Westinghouse  realized  that  they  needed  a  safe,  effective  alternative  to 

1,1,1  trichioroethane.  They  began  a  test  program,  and  studied  over  40  ■ 

alternative  products.  In  1991,  after  a  year  of  intensive  study,  (from 
environmental  to  material  compatibility),  they  announced  their  findings; 
ELECTRON  was  selected  as  the  Westinghouse  Power  Generation  Service 
Division  environmentally  preferred  alternative  of  first  ehoiee. 

•  In  1991,  another  Westinghouse  study  began,  this  time  looking  at  alternatives 
for  non*destructive  testing.  In  1992,  another  Westinghouse  report  was  issued, 
citing  one  environmentally  preferred  solvent  as  their  first  choice  for  non* 
destructive  testing  pre-post  clean  end  penetrant  removal.. .ELECTRON. 

•  In  1992  the  Department  of  Defense  Joint  Oil  Analysis  Program  studied  15 
alternatives,  searching  for  a  critical  instrument  cleaning  solvent  to  replace  CFC- 
113.  The  Joint  Oil  Analysis  Program,  or  JOAP,  certifies  that  critical  fluid  tests, 
performed  at  Army,  Navy,  Air  Force  and  Allied  Facilities  worldwide,  all  meet  the 
same  quality  specifications.  The  JOAP  found  only  one  environmentally 
preferred  solvent  effective  and  consistently  reliable  enough  to  specify  for  aU 
critical  oil  analysis  lab  use.  worldwIde—ELECTHON. 

•  in  1993,  the  U.S.  Navy  released  their  final  military  specification  revision  for 
eliminating  CFC-113  and  1,1,1  trichioroethane  in  critical  hydraulic  fluid  systems 
cleaning.  The  1993  NAVSSHiPS  Repair  Manual  for  Critical  Hydraulic  System 
Maintenance  specifies  ...  ELECTRON. 

electron  isn't  a  miracle  solvent,  but  it  does  work.  We  welcome  the  opportunity 
to  show  it  to  you. 


AnTVT.sinwng  _ 

SENTBTCE 


IDi/.l 


;CAL  COMPANY 


1481  Rode  Mountain  Dlrd.  /  Stone  Mountaiu.  Georgia  30086  /  (40i)  621 -XIM  (  I.iUI0.8«6.8240  /  Fax  (40t)  621.82iS 
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ECOLINK  PRODUCT  USE  MATRIX 


PRODUCT 

DESCRIPnON 

APPUCATIONS 

voc 

ATR-C 

Oigtoiic  Anhalt 

Extraction  Solvent 

lllTCA 

Aq^t  hot  mix  test  extraction, , 
asphalt  removal  from  equipment. 

797  gm/liter 

AIRBS-Flasb 

Oi^ganic  Asphalt 

Extraction  Solvent 

niTCA 

804  gm/liter 

BLEND  300 

Quick-siiy  Aqueous 
SoWent 

Soil  removal/Wipc-down  prior  to 
painting  or  weldina 

35  gm/liter 

COILIIVS 

All  purpose  non-corrosive 
cnttinc  fluid 

Cutting,  Boring,  Grinding, 

Milling 

0 

ECOLINK  2005 

Noa-flamnisble  aerosol, 
CFC-Fne  contact  cleaner 
/  electrical  aolvent 

CFC-113 

lllTCA 

Cleaiung  electrical  contacts  and 
other  oitical  components  in  qxit- 
deaning  applications 

exempt 

compound 

ELECIRON 
(wavswl  Si  bulk) 

Ncm-Aqueous  Dielectric 
Solvent 

lllTCA, 

CFC-113 

Electrical  Maintenance, 

Motors,  Generators, 

General  Wipe-down 

782  gms/liter 
Aero:  776  g/1 

Electron  QED 

Fast  drying,  non-aqueous 
(also  available  with 
terpene  OEDT) 

111  TCA, 

MEK,M1BK, 

CFC-113 

Wipe-down  or  dip  tank  when  very 
fast  dry,  non-aqueous  cleaning  is 
requir^ 

749  gm/liter 

Electron  QEDT 

Wipeslown  or  dip  lank  when 
high  solvency,  very  fast  dry,  pon- 
aqueous  cleaning  is  required. 

776  gm/liter 

Aqueous  Cleaner 

Non  Alkalhte/Non-Butvl 

Caustics, 

Butvlba^ 

Geans  non-feirous  or  aluminum 
parts  in  dip.  wipe  or  spray. 

69  gm/liter 

MICROPURE 

CDF 

Electronics  Grade  De- 
Flux.  Board  Solvent 

CPC-113, 

lllTCA 

Printed  circuit  boards, 
microcircuits 

1000  gms/liter 

PARTS  FREP 

Semi-Aqueous  Degreaser 

lllTCA, 
CFC-113 , 

Vapor 

Degreasers 

Removes  catbon*  greaact  flux, 
lubricating  oils,  A  uncured  epoxy 
mains 

PCN-T22 

Koo-chloiiiiated  Penetrant 

Oilorin&ted 

Penetranta 

Protect  metal,  frees  nuts,  bolts, 
displaces  moisture 

56  gm/liter 

PREP  RUE 

Paint  &  Coatings 

Remover  (gel  form) 

METH,  MEK, 

Toluene,  etc- 

Strips  most  piiui  &  coatings  friim 
metal  surfaces 

960  gms/liter 

RIP-TIDE 

Aqueous  Solvent 

Caustics, 
alkaline,  steam 

50  gm/liter 

RIP-TIDE  RI 

Rust  Inhibited  Aqueous 
Solvent 

Caustica, 
alkaline,  steam 

Power  washing  or  parts  tank 
cleaning.  Geans  grease,  carbon 
deposits,  coal  dust  &  fiid  oO. 

Rust  inhibited. 

50  gm/liter 

^FE  STRIP 

Paint  &  Resin  Solvent 

METH,  MEK. 
Caustics 

995  gms/liter 

UNIVERSAL 

Aqueous  Steam  Cleaner 

Solvent 

cleaning 

Large  parts  cleaning  using  a  steam 
clean  machine 

0  gm/liter 

VORroX 

Water  rinsable  citrus 
teipwie  blend 

lllTCA, 

CFC-113 

Aggressive  solvent  for  cleaning  all 
organic  and  inorganic  soils, 

(grease  cosiix>Iuic»  lorin  flux). 

Wipe,  rinse  or  steam  off  after  use. 

797  gm/liter 

VORTEX-NS 

Non-rinsable  citrus 
terpene  hlend 

lllTCA, 

CFC-n3 

Aggressive  sdvent  for  cleaning  all 
organic  and  tnoiganic  soils, 

(grease  cosmoline,  rosin  flux). 

Wipe  off  after  use. 

840  gmAit^ 

FOR  MORE  INFORMATION:  ECOLINK  404/621-8240 
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Facsimile 
(516)  752-1705 


RE:  CITRISOLV  PLUS 


A  product  formulated  to  naturally  degrease,  p^trate  and  liquify  heavy  , 
grease  and  dl  deposits  from  virtually  any  surface.  This  pleasantly  scented 
product  is  Ideal  for  removing  oily  films  from  metal  surfaces,  cleaning  motors  and 
engines,  removing  adhesives,  resins,  and  as  a  general  replacement  for  xylene,, 
toluene,  benzene,  trichloroethane,  trichlorethylene,  methylene  diloride,  and  many 
other  hazardous  solvents. 

This  formulation  coritains  a  high  ,  concentration  of  natural  citrus  solvents 
(Teipene).  It  Is  non-conductive,  non-corrosive  to  metals,  as  well  as 
oiodegradable,  yet  possesses  a  superior  solvency  and  grease  dispersion.  As 
with  any  chemical,  use  vrith  due  care  according  to  the  instructions  and 
precautions  on  the  label.  | 

Non-Add  *  Nai  Fuming  *  Non-caustic  *  Biodegradable  * 

*Nor^Corr05ive  to  metals  * 

CAUTION 

Combustible.  Keep  away  from  heat  and  open  flame.  Do  not  take  internally. 
Avdd  contact  with  eyes,  in  case  of  contact,  immediately  flush  eyes  with 
plenty  of  water  for  at  least  15  minutes.  If  irritetion  persists,  seek  medical 
attention.  If  swallowed,  consult  a  Physidan  immediately. 

CONTAINS  NO  PETROLEUM  HYDROCARBONS. 

NOTE:  CItrisolv  Plus  Is  a  concentrated  organic  formula  that  may  be  harmful  to 
plastics  or  painted  surfaces.  Test  surface  prior  to  application.  Because 
OtrisoKr  Plus  is  a  powerful  grease  solvent,  it  will  defk  skin.  When  using  I 
Citrisoiv  Plus,  wearing  of  rubber  gloves  is  recommended  to  avoid  diapped  skin. 
Keep  container  tightly  do^  vmen  not  in  use. 

FOR  COMMERCIAL  AND  INDUSTRIAL  USE  ONLY. 


110  Schmitt  Boulevard  •  Farmingdale,  NY  1 1735-1 462 
P.O.  Box  9927,  Postal  Station  "A"  •  Toronto.  Ontario  M5W  2J2 
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TECHNICAL  DATA 
CITRISOLV  PLUS 


5122633530  P.04 

Facsimile 
(516)  752-1705 


Color. . Pale  Straw 

Odor .  Citrus 

Flash  Point .  0  F/TCC 

Acids .  None 

Alkali . .  None 

Activity . .  100  % 

Specific  Gravity. . 0.96 

Petroleum  Distiallates . . . None 

Chlorinated  Hydrocarbons . None 

Solubility  in  Water . . . . . Emulsifies 


Distributed  By: 

PRIDE  INTERNATIONAL,  INC. 

110  Schmitt  Blvd. 

Farmingdaie,  New  York  11735 

(800)  645  -  9523,  Outside  New  York 
(516)  752  -  9595,  In  New  York 
(516)  752-7848,  FAX 


1 1 0  Schmitt  Boulevard  m  Farmingdaie,  NY  1 1 735-1 462 
P.0,  Box  9927,  Postal  Station  "A"  •Toronto,  Ontario  M5W  2J2 
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JEFF  BERLIN 


Material  Safety  Data  Sheet 


PRIDE  GROUP  INC. 


Manulacturer 

110  SCHMITT  BI.VD 


Address 

FARMINGDALE.  ‘ 


I _ CITRISOI.V  PLUS 

Identity  (Irade  Name  As  Used  On  Label) 


MSD5  Number* 


CAS  Number* 


KWwMiWMlVm 


(53.6)  752-8600 

Phont  Number  (Px  Informetion) 

(53.6)  752-8600 
Emergency  Phone  Number 


Date.  Prepemd 

RICHARD  MEIER_ _  _ 

Prepemd  By* 

Note;  Blartk  spaces  are  not  permitted.  If  ary  Item  Is  not  applicable*  or  no 
information  Is  available*  the  space  must  be  marked  to  indicate  that. 


SEaiON  1  -  MATERIAL  IDENTIFICATION  AND  INFORMATION 


COMPONENTS  -  Chemical  Name  It.Common  Nynes  ^  . 
(Hazardous  Components  1%  or  greater;  Carcmogens  0.1%  or  greater) _ 


-  ^  280 


Vapor  Pressure  „  .  ^ 

(mm  Hg  and  Temperature)  N  /  A 


Vapor  Pensity  „ 

(Air  -  »  N/A 


Solubility 
in  ^ter 


COMPLETE 


Specific  Gravity 
(H,0«  D 


Meitmg 

Point 


Evaporation  Rate 


Witer 

Reactive 


.0_.96_ 


Appearance 
and  Odor 


PAIiE  STRAW  COLORED  LIQUID  - 


SECTION  3  •  FIRE  AND  EXPLOSION  HAZARD  DATA 


C^^^R^HEMICAL ,  POA, 


Flash  PWrt  and 

Method  Used  180*  TCC 


■Extinguisher 
Media  CO 


^ngPreoedures  AS  WITH  ANY  FIFE  WHICH  MIGHT  INVOLVE  CHEMIC 


AIRWAYS  WEAR  SELF-CONTAINED  BREATHING  APPARAT 


Unusual  Fire  and 

Explosion  Hazards  COOL  EXPOSED  CONTAINERS  TO  PREVEN 


RSTIN 
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Hazardous 

Dacompoftitlon  Products 


SKIN  REDDENED  BY  PROLONGED  CONTACT  _ 


ate<l  by  Exposure  NOT  KNOWN 


EMERGENCY  FIRST  AID.  PROCEDURES  •  Seek  medical  a$$!$tance  for  further  treatment,  otaervation  and  support  if  necessary. 


Eye  Contact 


I  MM  ■  Pt'iJ  ■  I  WH  I  ■  ji  ■■  ■  M  li  II  I  W^m  I  !■  H  iiiH  \ 


insestion 


TTENTIQN 


SECTION  6  •  CONTROL  AND  PROTECTIVE  MEASURES 


Respiratoiy  Protection 
(Specify  Tv 


Protective  Gloves 


VENTlUnON 
TO  BE  USED 


Other  Protective 


Ciothfnfi  and  Eoui 


NONE 


RUBBER 


□  local  Exhaust 

□  Other  (specify) 


Eye  Protection 

^  - SPLASH  GOGGLES 

U  Mechanical  (generaO  [  □  Special 


RUBBER  APRON  TO  PROTECT  CLOTHING 


NORMAL  GOOD  HOUSEKEEPING  PRQgePTIRR.C! 


SECTION  7  •  PRECAUTIONS  FOR  SAFE  HANDLING  AND  USE  /  LEAK  PROCEDURES 


Steps  to  be  Taken  If  Material 

Or  Released  SOAK  UP  EXCESS  WATER  WITH  ABSORBANT 


waste  Disposal 

Methods  IN  ACCORDANCE  WITH  LOCAL.  STATE  &  FEDERAI.  REGULATIONS^ 


KEEP  AWAY  FROM  EXTREME  HEAT.  OPEN  FIRE  OR  FT. AMES 


Other  Precautions  and/or  Special  Hazards  - 

_ KEEP  THIS  &  AT.L  OTHER  CHEMICAT.S  OUT  OF  _ _ 

CHILDRENS  REACH. 


HMIS  - - - - 

Rating*  Health.  Plamniabilitv  Reactivity  Mr«nii!>l  PrateMiiw 


_ ( 
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Dibasic  Esters  (DBE) 


Product  Description 

Refined  dimethyl  esters  of  adipic,  glularic  and  succinic  acids.  Dibasic 
Esters  are  manufactured  from  a  mixed  acid  co-product  stream  obtained 
from  Du  Font’s  three  adipic  plants.  The  primary  refined  ester  product  is 
designated  DBE. 

Du  Pont  fractionates  DBE  into  other  mixtures  and  pure  components  to 
satisfy  market  needs.  In  addition  to  DBE,  there  are  five  DBE  fractions 
commercially  available  for  specialty  applications.  They  are  DBE-2, 

DBE-3.  DBE-4.  DBE-5.  DBE-6  and  DBE-9.  DBE  and  each  of  the  fractions 
is  a  clear,  colorless  liquid  having  a  mild,  agreeable  odor.  They  are  readily 
soluble  in  alcohols,  ketones,  ethers  and  m.ost  hydrocarbons,  but  are  only 
slightly  soluble  in  water  and  higher  paraffinic  hydrocarbons. 


CH300C(CH2)4C00CH3 

CH300C(CH2)3C00CH3 

CH300C(CH2)2COOCH3 


Applications 

Solvents 

Industrial  coalings 
Coil'Sneei  coalings 
Waterborne  coatings 
Magnet  wire  coatings 
Aulcmotive  coatings 
Industrial  cleaners 
Resin  cleanup 
Hand  cleaners 


Paint  removers 
Foundry  core  binders 
Printing  Inks 
Textile  lubricants 
Magnetic  memory  disc  coatings 
Urethane  reaclion  solvents 
Peroxide  solvents 


Plasticizers 

Fugitive 

Permanent  diester  and  polyesters 

Polymer  Inlermadiates 

Polyester  polyols  lor  urethanes 
Wei-sirsngth  paper  resins 
Polyester  resins 


Specialty  chemical  intermediates 
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Specllications _ 

DBE-2, 


QBE 

OBE-ZSPG 

DBE-3 

OBE-4 

OBE-5 

DBE-5 

DBE-9 

Ester  centem,  wt,  %  min. 

9s:-.o 

99.0 

99.0 

98.5 

99.3 

99.0 

Water  content  wt.  %  max. 

O.T 

0.1 

0.2 

0.04 

0.1 

0.05 

0.1 

Methanol,  wl  %  max 

02 

0.1 

0.1 

as 

0.1 

0.1 

0.1 

Color.  Cardne:  Scale,  max. 

1 

1 

1 

1 

1 

1 

Acid  fJumber,  rrax. 

0,3 

1 

1 

1 

1 

1 

1 

Composition  Range 

Dimeihyl  Adipate 

10-25 

20-35 

85-95 

0.2  (n‘.ax) 

99.0  (min.) 

0.3  (nnax) 

Dimein/l  Giutaraie 

55-75 

6S-S0 

5-15 

0,4  (max.) 

98.5  |mia) 

0-1 

65-69 

Dimethyl  Succinaie 

15-22 

0-3 

I.O  (max.) 

93.0  (min.J 

1.0  (max) 

0.1  (mix.) 

31-25 

hooinoie$:  cRansberg  Palm  Resistance  Tester  Wcflsi  2t9C3 

^hlansen  Solubility  Theory.  oAvi/a^e  for  mixiure. 

^As;igfMT  lor  the  QSEs  i$~0.00Q7  per  *  ever  the  range  20-50*0.  ‘Approximete.  based  on  caTtpcsilion. 


Storage  and  Handling 

Dibasic  Esters  are  readily  available  from  Du  Fon: 
in  large  quantities  (million  ibsyyr.)  lor  grOkvth 
applicalions. 

Freight  Classiiicalion-Paini  and  lacquer  solvent 
DOT  Classificaiion-These  products  are  not  classified 
as  hazardous  materials. 

PACKAGES: 

Tank  Trucks-45,000  lb.  net  wl 

Tank  C3r-170.000  lb.  net  wt.  (Jumbo  Tanker) 

Orums-523  lb.  gross  wl. 

485  lb.  net  wt. 


For  Samples  and  Information 

Sally  McCoach 
Du  Pent  Chemicals 
1007  Market  Street 
BrandyM'ine  Building,  7th  Floor 
Wilmington,  DE  T9898 
1-800-231-0998  ext.  45987 


me  uunri  company  assu/tt«  no  coiigalions  or  liability  for  any  advice 
lufiiisned  or  for  any  results  obtained  with  respect  lo  this  inloimaiion.  All 
such  advice  is  given  and  accepted  at  ir=e  buyer's  risk.  The  disclosure  of 
Infofrrtaiion  herein  is  not  a  license  to  operale  under,  or  a  recommendatjon 
!o  inlrirtge,  any  patent  ol  Dy  Pent  or  others.  OuPont  warrants  that  the  use 
Of  sale  or  any  material  which  is  cescriccd  herein  and  il  offered  ter  sale  by 
CuPoni  dees  not  infringe  any  palenl  covering  the  material  Itself,  but  does 
not  vsarrant  against  infringemem  by  reasor)  of  the  use  thereof  in  combina^ 
lion  with  other  maieriafs  or  in  the  operation  of  any  process. 


2-73 


DEC  03  '91  09:04 


P.4/19 


General  information 


Typical  Compositions 

DB£.2, 

(wl,%’s) 

DB£ 

DBE.2SPG 

DBE-3 

DBE-4 

DBE-5 

D6E-5 

DBE-9 

Dlm^lfyl  Ad:p2l2 

13 

26 

69 

0.1 

S8.0 

0.2 

66 

Dimeihyl  Giuiaraie 

61 

71 

10 

0.3 

99 

0.5 

Dimeltiyl  Succinate 

20 

0.3 

C.2 

93-4 

0.4 

<0.1 

33 

Mcihsnol 

0.1 

<0.1 

<0.1 

<0.5 

<0.1 

<0.1 

0.1 

water  (max.) 

0.1 

0.1 

0.2 

0.04 

0.1 

<0.1 

0.1 

Physical  Properties 

Molecular  weight 

159^  ' 

1633 

1733 

146 

160 

174 

156^ 

SR  SR  il20/20»Ci 

1.092« 

1.081- 

1.068* 

1.121 

1.091 

1.064 

1.099* 

Dfirtslly  at  20*C  (Ibs/ga:.) 

ao9« 

9.00® 

8.8S® 

9.33 

9.G6 

8.66 

9.15' 

Cistillaliofl  Range. 

196-225 

210-225 

215-225 

1S6 

210-215 

227-230 

196-215 

Vapor  Pfcssura  at  20‘'C  (Torr) 

0.2« 

0.1® 

0.06* 

03 

0.1 

<0.05 

0.3- 

Solubiiily  in  water-Wi  %  at  20*0 

HBI 

<•2 

2.5 

7.5 

4.3 

2.4 

—5 

Water  Solubility  in  DBS's- 

Wl.%  a!  2C*C 

3.1 

2.9 

2-5 

3.8 

3.2 

2.4 

-3.5 

rreening  Point,  *0 

-20* 

-13- 

6 

19 

-37 

10 

-10- 

.'lasn  Point,  ijg  cioseO. 

Cup  'CCf) 

100  (212) 

104  (219) 

102  (216) 

94  (200) 

107  (225) 

113  (235) 

94  (202) 

Aulo  Ignition  Temp.,  ‘C 

370 

375 

360 

365 

365 

N/A 

355 

Latent  Heal  of  Vapotialion.  Ccl/g 

61 

80  . 

79 

85 

31 

79 

82 

Viscosity  at  25'*C,  CSI. 

HH 

2.5 

Z5 

2,5 

2.5 

2.5 

2.4 

Solvent  Properlies 

Solubility  Parameters^ 

Hofi-Polar 

8.1  * 

8.3 

8.3 

B.3 

8.3 

8.3 

as 

Potar 

3.1 

2.2 

2.1 

2.5 

2.3 

2.1 

2.3 

t^dfogsn  Bonding 

1.1 

4.7 

4.5 

5.0 

4.8 

4.5 

4.8 

Surtace  Tension  at  20"C. 
dynesygm 

35.6 

K/A 

N/A 

NA 

N/A 

N/A 

N,'A 

olfectriMJ  fiesistancfri  at  24*0. 

megohms 

0.5 

m 

N/A 

N/A 

m 

N/A 

H'A 

2-74 


Material  Safety  Data  Sheet 


MATERIAL  IDENTIFICATION 


DBE 


KSDS  NUMBER  :  00000004 

CORPOEATE  NUMBER  r  DU000276 


Revision  Date  i  02-Jul-91 

Date  Printed  . :  03-Jul-91 


MANUFACTURER/DI  STRIBUTOR 
Du  Pont 

1007  Market  Street 
Wilmington,  DE  19898 


PHONE  NUMBERS 

PRODUCT  INFORMATION 
TRANSPORT  EMERGENCY 
MEDICAL  EMERGENCY 


1-(800)441-7515 

l-(800)424-9300 

l-(800)441-3637 


CHEMICAL  FAMILY 


:  Aliphatic  Dibasic  Acid  Esters 


TRADE  NAMES  /  SYNONYMS 

Dibasic  Ester 


DO  PONT  REGISTRY  NUMBER:  DP53-60-5 

FORMULA  :  CK300C{CH2)n-C00CK3,  n='2,3  and  4 

MOLECULAR  WEIGHT  :  Avg.  159 

NPCA— HMIS  EATINGS  i  Health:  2  Flammability:,!  Reactivity;  0 

Personal  Protection  rating  to  be  supplied  by 
user  depending  on  use  conditions. 


COMPONENTS 


Material 

Dimethyl  Glutarate 
Dimethyl  Adipate 
Dimethyl  Succinate 
Methanol 

Hydrogen  Cyanide 


CAS  Number  % 

rn'9-40-0“  45-75 

627-93-0  10-25 

106-65-0  -  15-30 

67-56-1  <0.1 

74-90-8  <10ppm 
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PHYSICAL  DATA 


Boiling  Point 
Vapor  Pressure 
Melting  Point 
Evaporation  Rate 
Water  Solubility 
Odor 
Porm 
Color 

Specific  Gravity 
Odor  Threshold 


!  196  to  223  deg  C  (385  to  437  deg  P) 

;  0.2  mm  Hg  at  20  deg  C  (68  deg  F) 

-20  deg  C  ("-4.0  deg  P)  ^ 

<0.1  (Butyl  Acetate  -  1.0) 

5.3  WT  %  at  20  deg  C  (68  deg  p) 

Sweet  ^ 

Licfuid 

Colorless 

1.092  at  20  deg  C  (68  deg  F) 

O.lppm  100%  and  O.Olppm  50%  of  the  test 
panel  detected  it. 


HAZARDOUS  REACTIVITY 


Instability 

Incompatibility 

Decomposition 

Polymerization 


Stable. 

Incompatible  with  strong  oxidants. 
Decomposes  with  heat. 
Polymerization  will  not  occur. 


acids^  alkalies. 


FIRE  AND  EXPLOSION  DATA 


Flash  Point 
Method 

Autoignition 


100  deg  C  (212  deg  P) 
TCC 

370  deg  c  (698  deg  F) 


Explosive  Limits  in  Air,  %  by  Vol.  : 
LEL  ;  0.9 
UEL  :  8 . 0 


FIRE  AND  EXPLOSION  HAZARDS 

p?ldiced‘’in  £i?e'’«rc«bon”oTO“dl!"'  Sases/vspors 

•EXTINGUISHING  MEDIA 

water  Spray.  Foam.  Dry  Chemical.  C02. 

SPECIAL  FIRE  FIGOTING  INSTRUCTIONS 

aDparKur""'wearfSll'^nL?rJ”^  self-contained  breathing 

vate^  spr^y.  ^  protective  equipment.  Cool  tank/container  with  ^ 


2-76 


■DEC  03  '91_C9;e5 

KSDS  No.  00000004 

Material 

health  hazard  information 


DU  PONT 

Safety  Data  sheet 


DBE; 


P.7/19 

Rage 


They  are  skin,  eye  and  upper  respiratory  tract  irritants. 
animal  DATA: 

®  severe  skin  irritant,  is  a  slight  eve 
effects  described”?^  ^  sensitizer  in  animall.  tLic 

include®dec?eased^wlilhroair^‘'h'^  exposure  by  inhaJtion 
wpioK-i-  weight  gain,  absolute  and  relative  liver 

i|SKs?y=i 

p"dS«®geS;tlc'‘d»Sa^“'’'‘  ""pound  does  not 

compound  ao%-^^;tS;iri“!olL’nia1:'“%%““Lc\\‘?e 


HUMAN  HEALTH  EFFECTS: 

d?scomfSrt^L”’rLh^^^P®^^^  include  skin  irritation  with 

liiiPispigieiiF- 

oya,i,eroic  toxicity,  after  contact  appear  unlikely. 
Overexposure  may  cause  blurring  of  vision. 

CARCI NOGENI CITY 

^HA,°or^ACGir?sTclrcinog;l®®*'“"'‘^ 

EXPOSURE  LIMITS 
DBE 


AEL  * 
TLV 


(Du  Pont); 
(ACGIH)  I 


1,5  ppm,  10  mg/m3  —  8  Hr  TWA 
This  limit  is  for  dbe. 

None  Established 
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PEL 


(HEALTH  HAZAHD  INFORMATION  -  Continued) 
(OSHA)  :  None  Established 


OTHER  applicable  EIXPOSURE  LIMITS 
Methanol  - — 


TLV  ppm  -  8  &  12  Hr.  TWA  -  Skin 

TLV  (ACGlHl  ,  200  ppm  262  mg/m3  -  8  Hr  TWA 

250  ppm,  328  mg/m3  -  Skin 
200  ppa,  260  ng/m3  -  8  Hr  TWA 
STEL  250  ppm,  325  mg/mS  -  Skin 


TLV 

PEL 


(ACGIH) 

(OSHA) 


Hydrogen  Cyanide 
AEl  *  (Du  Pont) 


TLV 

PEL 


(ACGIH) 

(OSHA) 


:  10  ppm  -  8  Hr,  TWA 
5  ppm  -  12  Hr.  TWA  -  skin 
t  10  ppm,  11  mg/m3  (Ceiling)  ~  Skin 
j  STEL  4.7  ppm,  5  mg/ia3  -  skin 


*  AEL  is  Du  Font's  Acceptable  Exposure  Limit. 
SAFETY  PRECAUTIONS 


FIRST  AID 


INHALATION 

SKIN  CONTACT 

'^^th  water  after  contact.  Wash  contaminated  clothing  before 

EYE  CONTACT 

leasri5“minutes!^'caU^f^phjiiciin!^  plenty  of  water  for  at 

INGESTION 

waterf^^Never  give°Lv"Mna  ^“^®^i®tely  give  two  glasses  of 

physician.  ^  anyuhang  by  moutn  to  an  unconscious  person.  Call  a 

NOTES  TO  PHYSICIAN 

ActlvariH^^Harcoal  slupy  may  be  administered. 

charcoal  slurrv»  susnend  rrrame 
activated  charcoal  in  400mL  water  a?d  m??tSorouahir 
Administer  5mL/kg,  or  350mL  for  an  average 
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PROTECTION  INFORMATION 


GgNERALLY  APPLICABLE  CONTROL  MEASURES  AND  PRECATITTOm*! 

not  oxidant.,  acids, 

PERSONAL  PROTECTIVE  EQUIPMENT 
EYE/FAiJt;  PROTECTION - - 

vhll  coverall  chemical  splash  goggles 

respirators 

A  NIOSH/MSHA  approved  air  purifying  respirator  with  a 

vapor  cartridge  or  canister  may  be  permissib"' e  under 

expected airborne  concentrations  are 

®^‘^®®‘^.e5cposure  Izmats.  Protection  provided  bv 
nrf*?  respirators  is  limited.  Use  a  positive  ^ 

pressure  air  supplied  respirator  if  there  is  anv  ootent-iai 
uncontrolled  release,  exposure  levels  are  not  known 
or  any  other  ca rcumstances  where  air  purifying  LsoirSor^' 
may  not  provide  adequate  protection.  respirators 

PROTECTIVE  CLOTHING 

Wear  impervious  clothing,  such  as  gloves,  apron,  boots  or 
whole  bodysuit  made  from  Butyl  rubber,  as  appropriate. 


DISPOSAL  INFORMATION 


AQUATIC  TOXICITY 
DIBASIC  ESTERS: 
96  hour  LC50, 
48  hour  LC50, 


fathead  minnows:  18-24  mg/L. 
Daphnia  magna  :  112-150  mg/L. 


DIMETHYL  GLUTARATE: 

96  hour  LC50,  bluegill  sunfish:  30.9  mg/L. 

SPILL,  LEAK,  OR  RELEASE 

PSKautions  before 

equipment  duJins  clfSn  Sp.  “pproptiate  PEESONAL  PBOTECTIVE 

Dike'^spill^^'^^Prevent'^I ' '  flame,  impact,  friction  or  electricity. 
areL  "^  shoved  sewers,  waterways  or  low  ^ 
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{DISPOSAL  INFORMATION  -  Continued) 

VJASTE  DISPOSAL 

K''"ppw.d"ana°perM{tefwo!oglSl"reatL'nt 


an 


SHIPPING  INFORMATION 


DOT 

Proper  Shipping  Name 
Hazard  Class 
Freight  Class 

DOt/imo 

Proper  Shipping  Name 
Hazard  Class 


:  DIBASIC  ESTER  MIXTURE 
s  Not  Regulated 
:  Plasticizers  &  Solvents 


t  DIBASIC  ESTER  MIXTURE 
;  Not  Regulated 


Shipping  Containers 

Tank  Car  -  170,000  lbs 
Tank  Truck  -  42,000  lbs 
Steel  Drums  -  485  lbs 
BULK  WATER  (USCG)  SHIPPING  NAME; 
DIBASIC  ESTER  MIXTURE 


STORAGE  CONDITIONS 


Store  in  well  ventilated  area.  Keep  container  tightly  closed. 
TITLE  III  HAZARD  CLASSIFICATIONS 


Acute 

:  Tes 

Chronic 

:  No 

Fire 

:  No 

Reactivi ty 

;  No 

Pressure 

:  No 
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The  hydrogen  cyanide  concentration  in  DBE  i$  bo  low  as  to  be 
toxicologically  insignificant  when  DBE  is  \ised  as  a  solvent. 
However,  when  DBE  is  chemically  reacted  with  alcohols,  and 
methanol  is  recovered  from  that  reaction  and  purified  for 
reuse  by  distillation,  concentration  of  highly  volatile 
impurities  such  as  hydrogen  cyanide  to  toxicologically 
significant  levels  can  occur  in  the  waste  stream  from  this 
process.  Processors  using  DBE  as  a  raw  material  should  be 
aware  of  this  potential  hazard. 


Responsibility  for  MSDS  :  DU  PONT  CHEMICALS 

Petrochemicals  Department 
Environmental  Affairs 
Wilmington,  DE  19880-0723 
302/999-4792 

#  Indicates  updated  section. 


End  of  MSDS 
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MATERIAL  SAFEl'Y  DATA  SHEET 

Emergcocy  Phone:  (612)934-2555 
Infonaadon:  (612)934-2555 

SECTION  I  GENERAL  INFORMATION 


Manufacturer's  Name;] 


.  Name ' 


Address:  15151  .TedmologV  Dnve.  Eden  Prairie.  MN  55344  Chemiat!  Ra<!ff 

HMIS  Hazard  Codes  Health  (  2  )  Flanssabtlity  (  0  )  Reactivity  (  0  ) 

NFPA Hazard  Codes:  Health  (2)  FbunmaWIity  ( 0 ) Reactivity  ( 0 ) Spedal Ifazard:  NA 
Hazard  Rating  Scale:  4  =  Severe  3  =  Serious  2  =  Moderate  1  =  Slight  0  ^  Kfinimal 

SECTION  II  HAZARDOUS  INGREDIENTS 

Prindpai  Hazardexis  Compounds  Parent  OSHA  AC6IH 

IChemfcaf  S  Common  Name{s)_  lOptionaii  EEL  -n  v 

Sodium  MetadCcate  (Industiy  Recommendation)  4^  2  mg/M^  2  mg/M* 


CAS,# 

6834-92-0 


(Other  ingredients  such  as  water,  surface  active  agents,  detergent  pdymers  are  not  considered  hazardous  under  the 
Federal  Hazard  Communication  Standard  29  CFR  1910.1200.) 

NA=Not  AppRcabte  N£=;N0t  Established 


SECTION  III  PHYSICAL  DATA 

PointrgV:  212*F _ 

V«por  PtcBoic  Caut  HA  Similar  to  water 
SoIubStt/  in  WmtcE  TnfinUfr 

Vapor  Detmiy  (Air  =  >  1  _ _ 

«4<I  Qdoc;  Arnhgr  clear  Unm'H  w 


.  SpocifW  1,16 

^  B^mpontioo  !Ulc<  BuAc  =1^  < 
_  Meltbt  Poittt  rF^  NA 


SECTION  IV  RRE  AND  EXPLOSION  HAZARD  DATA 

Fl**b  Point  CMctbod  Uaot):  None  (WatCT  Base)  (PMCQ  Phnaioblc  Liuk*:  NA 


ExtiogBidiios  Medim:  Noo-oombustible  mc^a  appropriate  for  surroundings. 


Ant^X^Uiog  Ti  iiijH  I  ■larc  NA 


SpeeUJ  Fire  Fisbtiog  Precaittcc  Wear  gog^  and  self-contained  breathing  apparatus.  Will  not  bum  or  contiibute  hazard  if  in 


Uouna  wl  Eiplotioo  None  anticipated  under  conditions  of  normal  use. 


SECTION  V  REACTIVITY  DATA 

Stability:  Ucctublc  Subic  _  X 


CbodUiooi  to  AvomI:  Stable  under  nonml  storage  conditions. 


Incompatibility  (MAtcciais  to  avoi^):  Strong  acids,  generate  heat  on  contact. 


Haxagiiogs  Folymcrizmtiofi:  Wttt  ooc  5?mir 


RAzardoux  Dccomppsiuoo  Frodticu:  Cafbon  and  nitrogen  oxides. 


CboditiQfur  to  Avoid:  Nonc  koown. 


SECTION  VI  HEALTH  HAZARD  DATA 

Inhalation  (dust  and  mist);  skin  and  eye  contact. 


Hiahh  H«»rd«  Ante  Irritation  to  ridn.  inneous  knembrancs  and  respiratory  tract.  Severe  bums  to  eyes  and  skin. 


Repeated  or  prolonged  contact  can  cause  primary  skin  irritation  or  dermatitis,  defatting  of  skin  tissue. 
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OwaniTJil  iiiiod  «s  Camidoi^ 


PAGE  3/[ 


Grea»ofr2 


SisB.a«4S]rB4>toai.«rEspQMte;  Sfeataod  «eink>iu«  t  .•  I - 7“ - 

_ _ q>C«.UMOa. 

Po«ihly<to»al  imucioa. - - 

g^Mc/  Fiat  Aid  ot^  ,a^  ,ttauioa  -^-rfi.tf  tj  - - - - - - - 


^  ^  ^  tOpl  wMcr  foe  15  mic^  ScA  : 


SJdlB  FluA>«tb_K|«pilodw«U»iBma|{wdy, 


TilS6  to  Cnstb  sir. 


adc  1°^” «h. Wifa rf~.l .iiJ - 

FOR  SAFE  HANDLING  AND  USE 

Sicp<to  bct^fcfen  ^^MCmateml  f  rpJi— -  ,T 

. . . 

Piw»«i«i.t*Usi,lKaiaH.„dCi««dSio,i^  K*o,«nt>..v,rf^  J  ..1 - 7 - 7 - — - - - - 


Otber  fteGUkUooE  CiA  not  r..  .  .  "  — 

_ »«0*uy.  OonotjelBiigfciof  Odikm.  Uk  with  winpatc  .eoUlMioa.  - - - 

>WID  CONTROL  MEASURES 

_  _ g^*-**!^  Aco^bte  VfedaaiaJ  (GcacnJ):  RccomBKwkd  SpeeUt  Nooc  OlbcR  Nooe 

g^toBtweGWe*;  Rnbher  or  nHwwhff,  „ - - - - - 

_ _ _ Ptolectioii:  Stfety  tonfa  pciptoA  tenttam 

OtWft'ptcetiveCaoCiMg^icEqitipwcBt;  Ew  wmH  .«<  .^frtv  jh  -  ^  .  - - - - - - - - 

_ _ _ _ _  Cba»al(awunt*proa.nibb<Tb*oti 

REGUUTORY  INFORMATION 

CERCLA.  40  CER  30Z4:  NA 

SARA  TITLE  m: 

Sectioo  302G04:  NA 

Section  31 1/312  Hazard  Category:  Acute 
Section  313:  NA 


Pk^fNirtil  ty  (Optioocl)  i2/b/yy  _ 

t>>U:  Pt^psred 

t>cgcvi;  the  torofmMtioo  cootaUwd  iaercin,  iodoaSft»  A^tm  r  n  t  .-  ^  . 

~~w  rf~y .. », 

«•  !«.  rfKWB,-,  ^ 
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THE  SOLVENT 
ALTERNATIVE 
THAT  WORKS. 

This  is  the  effective  alternative 
to  1,1,1-trlchloroethane  and  other 
solvents  that  you’ve  been  looking 
for.  A  biodegradable  multi-metal 
cleaning  solution  with  high  soil 
tolerance  and  excellent  free 
rinsing  properties.  You  get  clean 
parts  without  the  environmental, 
safety  and  regulatory  worries 
of  solvents. 

SAPEONALLMEIALS. 

GreasofT”  2  offers  exceptional 
cleaning  power  for  difficult  soils 
such  as  oils,  greases,  polishing 
compounds  and  metal  working 
fluids.  When  used  in  proper 
concentrations  it’s  safe  on  non- 
ferrous  metals  such  as  brass  and 
aluminum,  and  is  an  excellent 
choice  for  steel  parts  because 
it  has  a  built-in  rust  inhibitor. 

IMMERSION  OR 
SPRAY  CLEANING. 

Greasoff™  2  makes  it  easy  to 
improve  workplace  and  environ¬ 
mental  safety  and  reduce  dis¬ 
posal  problems  in  a  wide  range 
of  applications.  You  can  use  it  in 
immersion-type  washers,  sprjQr 
cabinets,  belt  washers  and 
rotary  washers. 

SUPER  CONCENTRATED. 
SUPER  FAST. 

This  all-purpose  concentrate 
cleans  at  a  fraction  of  the  cost 
of  solvents,  as  low  as  Sl.OQ  per 
gallon.  And  it  attacks  soils 
quickly.  Wash  cycle  times  are 
typically  just  three  to  ten  min¬ 
utes,  making  GreasofP*  2  as 
efficient  as  it  is  powerful. 


BIODEGRADABLE  CONCENTRATE 


SfftBffiCmiE 

MOB-MSBI 


V'-A. 
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Greasoff™  2  Is  Friendly 
To  Workers,  The  Environment 
And  Your  Budget. 

The  move  to  water-based  parts  washing  is 
an  investment  for  the  future,  but  only  If  you 
have  the  right  solution  and  the  right  equip¬ 
ment.  Kleer-Flo  Company  brings  more  than 
60  years  of  parts  cleaning  experience  to  our 
new  aqueous  chemistry.  We  also  provide 
the  Industry’s  leading  immersion  cleaning 
equipment  to  use  it  in.  'Vbu  cein  counton 
Greasoff 2  to  perform  at  an  economical  cost, 
as  well  as  help  you  enhance  workplace  safety 
and  environmental  quality. 

•  Moderate  pH  provides  multi-metal  safety. 

•  No  odor  in  use,  for  a  safer  and  more  produc¬ 
tive  workplace. 

•  No  VOC  emissions  or  associated  regulatory 
concerns. 

•  Non-flammable,  so  you  don’t  have  to  worry 
about  the  potential  Are  hazard  of  solvents. 

•  Oils  separate  easily,  allowing  trouble-free 
skimming. 

•  One-step  cleaning  for  general  applications. 

•  Easily  rinsed  with  water,  for 
precision  cleaning  applications. 


Kleer-Flo  Equipment 
Puts  The  Advantages  Of 
Greasoff2ToWork 


Grt»sott  2  Mixe$  Easily.  Use  5%  Greasoff  2 
(by  voJunie)  at  SOT  to  120T  with  Cleanroaster 
M^ek  and  .A.-S0.  Use  3%  to  102>  at  130T  to 
160  F  for  immersion  cleaning  with  Powermaster 
units.  Use  I'.*!  to  at  lOOT  to  160T  for  spray 
cabinet  ap^ylicutions. 


•  Non-toxic,  improving  worker  safety. 

•  Bio-resistant,  for  longer  tank  life. 

•  Works  at  low  to  moderate  tempera¬ 
tures  (70*F  to  160‘F),  saving  energy. 

•  Cleans  complex  shapes, 

to  efficiently  handle  difficult  applications. 


— 


Model 

The  simplicity  and 
convenience  of  a 
proven  sink-style 
des%iL  Excellent  for 
maintenance  cleaning. 
The  oversized  sink 
easily  accommodates 
larger  parte.  The  A-30 
is  economical,  yet  it 
doesn’t  compromise 
on  features  or  heavy- 
duty  cwistniction. 
Welded,  heavy-gauge 
stainless  steel  is  used 
throi^out,  along 
with  iDdustrial  strip 
heaters,  NE^ 
contrcJsandGFI 
protection. 


GR  E  A 


OFF’* 


lii 


KLEER-FLO  COMPANY 

15151  Technology  Drive.  Eden  Prairie,  MN  55344 
1-800-328-7942  (in  MN,  1-612-934-2555) 
FAX  (612)  934-390d 
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Model  A-60 

Cabinet-style  unit  des’^ed 
for  Improved  cleaning 
pcwver  and  productivity. 
Provides  an  area  for  brush 
or  flow  cleaning,  as  wrfl 
as  an  agitated  immersion 
chamber  for  highly- 
productive,  hands-off 
cleaning.  Floating  oils  are  ‘ 
continuously  removed 
from  the  cleann^  tank  to 
prevent  re-contamination 
on  parts.  Offers  room  to 
accommodate  larger  parts. 
High  s<^utJon  capacity 
allows  longer  periods 
between  dean-outs. 


■ 


MoadA4C 


Powermaster* 

Parts  Wsehers. 
Plant-pr0fv«i  agitated 
immersion  deaners  for 
high-vohime  production 
cleaning.  An  excdtent 
way  to  replace  solvent 
v^or  d^easers. 
Powerful  electro¬ 
mechanical  station 
c^ers  efficient,  heavy- 
duty  deanii^  power. 
Standard  units  handle 

loads  from  200  to  2(W 

pounds,  and  fc»Tn  an 
ideal  buildup  block  for 
complete  custom  ei^‘- 
neered  systems  with 
PLC  controls  and  other 
labor-saving  features. 
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GAF  Chemicals  Corporation 

1361  Alps  Road,  Wayne.  New  Jersey  07470 

201  628-3000 


£BQDU_CT_INFORMATION  BULLETIN 
INTRODUCING  FOAMFLUSH*  URETHANE  REMOVER 


THE  CURE  FOR  I 


BANE  CLEAN-UP 


-  More  Powerful  than  Methylene  Chloride 

-  More  Sensible  for  the  Environment 


New  FoamFlush"*  Urethane  Remover  is  a  proprietary  product 
specifically  developed  to  provide  residue  free  cleaning 
for  equipment  used  in  the  urethane  foam  industry.  It  is 
proven  effective  in  penetrating,  loosening  and  removing 
cured  urethane  foam  deposits  and  build-up  from  mixing 
heads,  troughs,  conveyor  parts,  side  walls,  rollers,  foam 
cutting  devices  and  molds.  It  works  on  all  urethane 
systems  ....  flexible,  molded  and  rigid  foams,  and  even 
on  urethane  elastomers.  It  is  a  great  improvement  over 
methylene  chloride,  acetone  or  other  problem  solvents. 

Use  FoamFlush  to  clean  and  flush  chemical  holding  tanks, 
feed  lines,  mixing  and  metering  equipment.  It  dissolves 
quickly  and  completely  polyols,  isocyanates  and  other 
urethane  intermediates. 


Features  t  Benefits 

While  FoamFlush™  Urethane  Remover  is  more  aggressive  than 
methylene  chloride,  it  has  the  benefits  of  being  safer  in 
the  workplace  and  friendlier  to  the  environment. 

FoamFlush  is; 


-  non-carcinogenic 

-  non-flammable 

-  biodegradable 

-  reclaimable 

-  water  rinseable 

-  non-ozone  depleting 

Additionally,  you  can  use  it  for  a  long  period  of  time, 
tolerates  a  high  resin  loading  and  will  reduce  disposal 
costs. 

Urethane  clean-up  need  not  be  a  problem  anymore. 
Hazardous  solvents  need  not  be  your  only  choice. 
FoamFlush™  is  the  cure  for  urethane  clean-up. 
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Applications 

There  are  several  ways  FoauDsFlush**  Urethane  Remover  can  be 
used  around  urethane  producing  equipment. 

!•  For  flushing  mixing  heads,  chemical  holding  tanks 
and  feeder  lines,  spray  equipment,  etc.,  use 
FoamFlush'*  as  you  would  normally  use  any  other 
flushing  solvent.  Collect  the  used. cleaner  in 
separate  labelled  containers. 

2.  For  cleaning  mixing  heads,  injector  ports, 
machine  parts  and  any  other  small  parts  you 
normally  clean  by  immersion,  simply  replace  your 
current  solvent  with  FoamFlush*  Urethane 
Remover.  Parts  will  emerge  cleaned  to  the  bare 
metal  in  a  few  hours  —  not  in  a  few  days. 

Little  or  no  scraping  is  required.  Just  wipe  the 
parts  dry  or  rinse  with  water  and  dry  before 
putting  the  parts  back  into  service. 

Re-Use.  Recycling  &  Disposal 

Because  FoamFlush"*  Urethane  Remover  has  a  high  tolerance 
for  dissolved  materials,  it  can  be  used  over  and  over 
again.  When  you  find  it  no  longer  cleans  machine  parts 
to  your  liking,  arrangements  can  be  made  for  its  disposal 
or  recycling.  FoamFlush"*  can  be  easily  reclaimed  either 
on-site  or  by  professional  solvent  recyclers. 

Hazard  characterization  is  the  responsibility  of  the  user 
and  must  be  done  by  EPA  standards  and  needs  to  be 
determined  on  representative  samples  of  used  products. 

Any  disposal  must  be  in  accordance  with  federal,  state 
and  local  regulations. 

Provided  you  add  nothing  more,  used  FoamFlush  should  be  a 
non-hazardous,  non-regulated  by-product  of  your 
operation.  Pick  up  and  disposal  will  be  1/5  to  1/2  what 
you  normally  pay  for  methylene  chloride  waste,  which  is 
characteristically  hazardous.  Actual  costs  will  vary. 

Materials  collected  should  be  stored  in  a  proper 
container  for  disposal.  Discharge  rinse  water,  or  rinse 
organic  solvents  according  to  federal,  state  and  local 
regulations.  This  product  is  fre**  of  phosphates  and 
chlorinated  solvents. 
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eaaparison  With  other  Cleanei-s 

Foai^lush**  is  an  aggressive  solvent-based  cleaner 
designed  to  attack  and  dissolve  urethane  polymers  and 
urethane  intermediates.  Unlike  water  based  cleaners 
residual  product  left  on  parts  will  not  interfere  with 
urethane  chemistry,  and  so  undercure  and  scrap  are  not  an 
issue.  FoamFlush  is  very  slow  to  evaporate  — —  in 
theo^  about  480  times  slower  than  methylene  chloride  and 
230  times  slower  than  acetone.  What  this  means  in 
practice  is  that  you  will  need  to  use  less  FoamFlush"* 

“  ^  ^0  times  less  -  this  means  less  material 

handling,  less  risk  of  exposure  and  lower  real  cost  for 
urethane  clean-up. 


Physical  Properties 

Appearance 

Odor 

pH  (10  wt%  ag.) 

Boiling  Point 
Vapor  Pressure 
Vapor  Density 
Water  Solubility 
Melting/Freezing  Point 
Specific  Gravity 
Evaporation  Rate 
Flash  Point 


Clear  liquid 

Sweet 

4-6 

202-204  deg.  C 
<  1.00  mmHg  at  20  deg.  c 
>  3.0  (air  =  1.0) 

Complete 

none  to  —20  deg.  c 
1.06  at  25  deg.  c 
0.03  (Butyl  Acetate  =  1.0) 
191  deg.  F  (Setaflash/CC) 


and  Handling  Precautions 

FoamFlush  Urettane  Remover  contains  organic  solvents. 

It  IS  harmful  if  inhaled  or  swallowed.  Avoid  breathing 
vapors  or  mist.  Keep  away  from  heat  and  flame.  Avoid 
contact  with  eyes  and  skin.  Wear  gloves,  safety  goggles, 
and  protective  clothing  when  handling.  Use  with  adequate 
vfintilation.  Consult  MSDS  for  further  safety  and 
handling  information. 
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te-terials  of  Construction  and  Storage 

Store  in  1020  carbon  steel,  stainless  steel  304  and  316, 
nickel  or  aluminum  tanks  with  dessicant-filled  breather 
pipes.  FoamFlush  is  hygroscopic,  so  store  in  dry, 
sheltered  areas . 


Use  proper  gasketing  materials  -  Teflon*, 
Kalrez®,  polypropylene  or  mild  steel. 


silicon  rubber. 


Materials  to  avoid:  PVC,  Viton*,  ABS, 
Lexan®,  Noryl  EN-265®,  PET. 


Buna-N, 


Kynar®, 


Miscellaneous  Handling  Precautions 


Use  safety  glasses  and  neoprene  gloves  when  handling 
FoamFlush.  Any  material  which  contacts  the  skin  or  eves 
should  be  washed  off  with  plenty  of  water.  Although 
Foamflush  has  a  high  flash  point,  combustibility  should 
be  considered  in  elevated  temperature  applications. 

GAF  and  FoamFlush  are  trademarks  of  GAF  Chemicals 
Corporation. 


Teflon®,  Viton®  and  Kalrez®  are  registered  trademarks  of 
E . I .  DuPont  de  Nemours • 

Kynar®  is  a  registered  trademark  of  Pennwalt. 

Lexan  is  a  registered  trademark  of  General  Electric. 
Noryl  IS  a  registered  trademark  of  General  Electric. 


AJDl 
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1.  Introduction 


This  report  is  intended  to  clarify  the  great  confusion  about  universal  substitutes  for  hazardous 
materials  (HazMats).  Unfortunately,  there  are  no  "one-for-one  drop-in"  substitutes.  The  reason 
for  this  is  quite  simple.  No  two  chemicals  have  exactly  the  same  characteristics.  A  one-for-one 
substitute  can  be  developed  that  only  requires  minor  process  adjustments,  but  developing  such  a 
substitute  almost  always  requires  many  years  of  research  costing  millions  of  dollars.  In  most 
cases  an  alternative  process  using  a  different  teclmique  and  different  chemical  can  do  the  garnt*. 
job.  Let's  look  at  an  example. 

1,1,1  Trichloroethane  (TCA)  is  widely  used  for  cleaning.  One  process  it  is  used  in  is  vapor 
degreasing.  Two  frequently  argued  one-for-one  substitutes  for  TCA  are  Tetrachloroethylene 
fetter  known  as  Perchloroethylene  (PERC))  and  Trichloroethylene  (TCE).  Both  of  these 
"substitutes"  are  on  the  EPA  17  toxic  chemical  listing,  and  should  not  be  considered  viable 
alternatives  to  TCA.  If  switching  to  these  one-for-one  substitutes,  adjustments  must  be  made  to 
the  equipment  for  the  process  to  work  properly  (e.g.  adjust  the  temperature  of  the  heating  coils 
and  the  condensing  coils).  An  environmentally  safe  one-for-one  substitute  could  be  found,  but  it 
would  require  many  years  of  research  and  a  good  deal  of  money.  Fortunately,  for  a  large  iiujority 
of  parts  that  are  cleaned  with  vapor  degreasing,  an  aqueous  cleaner  can  be  used.  A  simple 
example  of  an  aqueous  cleaner  is  Palmolive  dish  washing  liquid,  which  is  presently  being  used  by 
Duriron  Co.'s  Pump  and  Foundry  Division  in  Dayton  Ohio.  Aqueous  cleaners  are  very  effective 
and  can  often  clean  better  than  the  hazardous  solvents,  but  requite  new  equipment  and  completely 
new  process  steps.  The  trade-off  becomes,  does  the  cost  of  the  new  equipment,  loss  of  the  old 
equipment,  and  time  required  to  make  the  change,  outweigh  the  cost  and  time  required  to  do  the 
research  for  finding  a  one-for-one  substitute? 

Another  example,  Halon  1301.  Halon  1301  is  the  best  filre  suppression  chemical  we've  found  in 
100  years  of  research.  There  are  other  ways  to  fight  fires,  but  none  better.  Halon  1301  is  used  in 
fire  suppression  systems  on  all  aircraft.  Substitutes  could  be  used,  but  tiie  change  would  require  a 
significant  modification  to  each  aircraft  adding  weight,  and  the  new  system  would  still  not  be  as 
efficient  at  putting  out  fires.  In  this  instance,  the  cost  of  the  new  equipment,  loss  of  the  old 
equipment,  and  time  required  to  make  the  change,  outweigh  the  cost  and  time  required  to  do  the 
research  for  finding  a  one-for-one  substitute.  Wright  Laboratories  at  Wright-Patterson  AFB  is 
aggressively  looking  for  this  one-for-one  substitute. 

There  are  many  alternative  processes  available  that  can  do  the  job  just  as  good  if  not  better  than 
the  currently  used  hazardous  material  processes.  In  almost  all  cases  switching  from  a  HazMat 
process  to  a  more  environmentally  friendly  substitute  brings  a  nice  return  on  investment  A 
concern  about  substitutes  is  there  arc  many  different  laws  and  regulations  that  govern  different 
chemicals.  As  mentioned  before,  changing  from  TCA  to  PERC  in  vapor  degreasing  eliminates  an 
Ozone  Depleting  Substoce  (ODS),  but  now  uses  one  of  the  EPA  17.  PERC  is  also  a  hazardous 
air  pollutant  (HAP)  which  is  controlled  by  the  National  Emission  Standards  for  Hazardous  Air 
Pollutants  (NESHAP).  Caution  must  be  taken  not  to  change  from  one  bad  chemical  to  another. 
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Tiiis  report  is  the  first  consolidation  of  a  long  effort  to  identify  alternative  products  and  processes 
for  the  HazMats  used  in  Air  Force  weapon  systems.  The  first  section  is  a  listing  of  the  targeted 
hazardous  materials.  The  second  section  is  a  simple  review  to  help  readers  identify  where  they 
might  be  using  HazMats.  The  other  sections  are  dedicated  to  18  general  applications  of  HazMats 
and  known  general  alternatives  Remember,  individual  substitute  materials  or  processes  must  be 
qualified  on  a  case-by-case  basis  to  ensure  material  compatibility  and  system  performance  are 
maintained.  The  work  to  find  alternatives  has  only  begun.  This  listing  will  grow  as  more 
alternatives  are  identified  or  developed.  Information  on  application  specific  alternatives  is 
available  from  your  Environmental  Management  (EM)  representative.  The  EMV  point  of 
contacts  for  Aeronautical  System  Center’s  program  offices  are: 


NA  -  National  Aerospace  Plane  Program  Office  VL  -  LANTIRN  Program  Office 

Capt  Bill  Shelton  EMVP  5-5149  Capt  Robert  Gargiulo  EMVP  5-3054 


RE  -  Electronic  Combat  Program  Office 
Brian  Townsend  EMVP  5-3059 
Capt  Bill  Shelton  EMVP  5-5149 

RW  -  Electronic  Reconnaissance  Program  Office 
Brian  Townsend  EMVP  5-3059 
Capt  Bill  Shelton  EMVP  5-5149 

SD  -  Aircraft  Systems  Program  Office 
Greg  JarreUs  EMVP  ,5-3054 

SM  -  Subsystems  Program  Office 
Capt  Bill  Shelton  EMVP  5-5149 

VC  -  Advanced  Cruise  Missile  Program  Office 
Capt  Robert  Gargiulo  EMVP  5-3054 

VF  -  F-15  Program  Office 
Capt  Norm  LeQair  EMVP  5-3054 

VJ  -  Special  Projects  Office 
Brian  Townsend  EMVP  5-3059 
Capt  Mike  Boucher  EMVP  5-5149 


XR  -  Development  Planning  Office 
Greg  Jarrells  EMVP  5-3054 

YC  -  C-17  Program  Office 
Capt  Bill  Shelton  EMVP  5-5149 
Capt  Robert  Gargiulo  EMVP  5-3054 

YF  -  F-22  Program  Office 
Capt  Mike  Boucher  EMVP  5-5149 

YP  -  F-16  Program  Office 
Capt  Bill  Shelton  EMVP  5-5149 

YS  -  B-2  Program  Office 
Capt  Mike  Boucher  EMVP  5-5149 

YT  -  Flight  Training  Program  Office 
Capt  Bill  Shelton  EMVP  5-5149 

YX  -  Program  Development  Office 
Greg  Jarrells  EMVP  5-3054 

EGLIN  PROGRAM  OFFICES 
Brian  Townsend  EMVP  5-3059 
Capt  Mike  Boucher  EMVP  5-5149 


or  call  ASC/EM  at  DSN  785-3054  (COM  513-255-3054)  for  more  information.  (ASC/EMVP 
2060  Monahan  Way,  Bldg  17,  Wright-Patterson  AFB,  OH  45433-7203.) 
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2.  Targeted  Hazardous  Materials 


There  has  been  a  great  deal  of  confusion  about  which  Hazardous  Materials  (HazMats)  we  are 
trying  to  eliminate,  and  which  ones  we're  trying  to  minimize.  This  section  is  to  clarify  this  issue. 

Ozone  Depleting  Substances  (ODSs,  some  times  Ozone  Depleting  Chemicals,  ODCs  or  Ozone 
Layer  Depleting  Substance,  OLDS)  were  determined  and  listed  by  the  Montreal  Protocol  and  the 
Qean  Air  Act  The  Act  placed  ODSs  in  two  "classes".  Class  I  ODSs  have  the  greatest  potential 
for  hamung  the  ozone  layer,  and  will  be  phased  out  of  worldwide  production  by  31  Dec  1995 
(Halon  by  1  Jan  1994).  Class  E  ODSs  will  be  phased  out  of  production  by  2030  (99%  by  2020) 
or  sooner.  There  are  a  lot  of  policies,  but  the  National  Defense  Authorization  Act  effective  1 
June  1993  is  the  one  causing  the  most  grief  right  now  in  DoD.  So,  what  are  these  horrible 
chemicals?  Here  is  the  latest  listing  of  Class  I  and  Qass  E  ODSs. 


Class  I:  (CFC  =  Chlorofluorocarbon) 


1. CFC-11 

2.  CFC- 12 

3.  CFC- 13 

4. CFC-111 

5.  CFC- 112 

6.  CFC- 113 


7. CFC-114 

8. CFC-115 

9. CFC-211 

10.  CFC-212 

11. CFC-213 

12.  CFC-214 


13.  CFC-215 

14.  CFC-216 

15.  CFC-217 

16.  Halon  1011 

17.  Halon  1202 

18.  Halon  1211 


19.  Halon  1301 

20.  Halon  2402 

21.  Methyl  Bromide 

22.  Methyl  Chloroform 

23.  Carbon  Tetrachloride 


NOTE:  Mixtures  of  these  chemicals  are  included  i.e.  CFC-500  &  CFC-502  etc. 
Methyl  Chloroform  (MCF)  =  1,1,1  Trichloroethane  (TCA) 
Refrigerants  commonly  have  an  'R'  prefix  i.e.  CFC-12  =  R-12 


Class  11:  (HCFC  =  Hydrochlorofluorocarbpn) 


1.  HCFC-21 

2.  HCFC-22 

3.  HCFC-31 

4.  HCFC-121 

5.  HCFC-122 

6.  HCFC- 123 

7.  HCFC-124 

8.  HCFC-131 

9.  HCFC- 132 


10.  HCFC- 133 

11.  HCFC- 141 

12.  HCFC- 142 

13.  HCFC-221 

14.  HCFC-222 

15.  HCFC-223 

16.  HCFC-224 

17.  HCFC-225 


18.  HCFC-226 

19.  HCFC-231 

20.  HCFC-232 

21.  HCFC-233 

22.  HCFC-234 

23.  HCFC-235 

24.  HCTC-241 

25.  HCFC-242 


26.  HCFC-243 

27.  HCFC-244 

28.  HCFC-251 

29.  HCFC-252 

30.  HCFC-253 

31.  HCFC-261 

32.  HCFC-262 

33.  HCFC-271 


NOTE:  Some  common  Class  E  ODSs  are  R-21  and  R-22 


The  U.S.  Environmental  Protection  Agency  (EPA)  is  building  a  program  to  identify  available, 
economically  viable  substitutes  to  class  I  and  class  E  ODSs.  A  list  of  acceptable  and  unacceptable 
substitutes  will  be  published.  This  program  is  called  the  Significant  New  Alternatives  Program 
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(SNAP).  Under  SNAP  regulations,  it  is  illegal  to  replace  a  class  I  or  class  n  substance  with  any 
substitute  that  EPA  determines  may  present  adverse  effects  to  human  health  or  the  environment,  if 
other  substitutes  have  been  identified  that  reduce  overall  risk  and  are  currently  or  potentially 
available. 

So,  what  about  the  EPA  17?  In  1986  SARA  Title  HI  created  the  Toxic  Release  Inventory  (TRI) 
reporting  requirement  for  U.S.  Industry.  It  required  industry  to  report  to  EPA  how  much  of  each 
of  over  300  toxic  chemicals  are  released  to  the  air,  water,  and  land.  1987  was  the  first  reporting 
period.  EPA  found  that  of  all  the  toxic  chemicals  17  were  causing  nearly  80%  of  the  problem. 

The  33/50  Program  is  EPA's  voluntary  pollution  prevention  initiative  to  reduce  national  pollution 
releases  and  off-site  transfers  of  these  17  toxic  chemicals  by  33  percent  by  the  end  of  1992  and  by 
50  percent  by  the  end  of  1995.  At  last  count,  more  than  1,000  companies  were  participating  in 
this  program  -  many  government  contractors.  The  33/50  program  started  in  Feb.  1991.  There 
are  no  laws  that  require  the  elimination  of  the  EPA  17  chemicals...  YET,  but  there  is  Air  Force 
Policy.  The  17  targeted  chemicals  are: 

EPA  17: 


1.  Benzene 

2.  Cadmium  and  compounds 

3.  Carbon  Tetrachloride* 

4.  Chloroform 

5.  Chromium  and  compounds 

6.  (Dyanide  and  compounds 

7.  Lead  and  compounds 

8.  Mercury  and  compounds 

9.  Methylene  Chloride 


10.  Methyl  Ethyl  Ketone  (MEK) 

1 1.  Methyl  Isobutyl  Ketone  (MIBK) 

12.  Nickel  and  compounds 

13.  Tetrachloroethylene  (PERQ 

14.  Toluene 

15.  1,1,1  Trichloroethane  (TCA)* 

16.  Trichloroethylene  (TCT) 

17.  Xylenes 


NOTE:  *  These  two  chemicals  are  also  ODSs 
Chloroform  is  not  Methyl  Chloroform 
Tetrachloroethylene  =  Perchloroethylene 


Everyone  should  notice  that  adding  "and  compounds"  to  six  of  the  chemicals  turns  the  EPA  17 
into  the  EPA  10(X)+.  In  addition  to  all  these  chemicals  Volatile  Orgaiuc  Compounds  (VOCs)  and 
Hazardous  Air  Pollutants  (HAPs)  are  beginning  to  be  strongly  regulated  by  the  EPA.  There  are 
also  a  few  other  chemicals  targeted  by  Air  Force  Materiel  Command. 
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3.  What  Do  I  Use? 


.Most  people  are  not  familiar  with  the  various  processes  and  products  that  use  hazardous 
materials.  This  section  contains  some  generalizations  of  Ha^at  uses  to  help  the  reader 
understand  where  he  or  she  might  be  using  HazMats. 

Aerosols  &  propellants:  Most  aerosols  use  ODSs  as  the  solvent  and  inert  propelling  medium.  If 
you  use  aerosols  or  pressurized  systems  you  probably  use  TCA,  CFC-12,  CFC-1 14,  HCFC-22  or 
HCFC-142b.  Many  cleaners  used  in  parts  assembly  arc  used  as  aerosols.  One  common  exan^le 
is  contact  cleaners  for  electrotucs. 

Batteries:  Nearly  all  batteries  use  one  or  more  heavy  metals.  If  you  use  ba^ries  in  your  system 
then  you  use  Cadmium,  Mercury,  Lead,  and/or  Nickel 

Bonding  (Surface  Prep  &  Adhesives):  Bonding  includes  everything  from  tapes  and  packaging 
glues  to  metal  and  carbon  composite  bonded  structures.  If  you  use  glues  anywhere  you  rely  on 
TCA  not  only  for  a  solvent  in  the  adhesive,  but  also  to  clean  the  surface  (surface  prep)  prior  to 
bonding. 

Cleaning:  Almost  every  traditional  cleaning  method  is  under-frre  for  using  hazardous  rhp.miraig 
TCA,  CFC-1 13,  TCE,  PERC,  MEK,  MIBK,  toluene,  xylene,  and  methylene  chloride  are  all 
targeted  for  elimination.  If  your  system  uses  metal,  contains  electronics,  or  any  precision 
mechartics,  then  you  are  using  one  or  more  of  these  hazardous  chemicals. 

Coatings:  Nearly  aU  paints  and  primers  contain  hazardous  materials.  The  solvents  are  either 
TCA,  MEK,  toluene,  xylene  or  mixtures  of  these  hazardous  materials.  The  paint  and  primers 
tfiemselves  contain  chromium  corrqrounds  and  sometimes  cadmium  compounds.  Almost  all 
printed  wiring  boards  are  covered  with  conformal  coatings.  These  durable  coatings  don't  usually 
contain  hazardous  materials,  but  almost  al^yays  require  a  hazardous  solvent  for  application. 
Qeaning  application  equipment  (i.e.  paint  guns)  and  thinners  also  uses  these  chemicals.  If  you 
coat  any  part  of  your  system,  you  use  more  than  one  of  these  chemicals. 

Coating  Removal:  System  repair  processes  often  requires  coating  removal.  Chemical  stripping 
of  coatings  always  involves  the  use  of  hazardous  chemicals.  The  most  common  chemicals  are 
methylene  chloride  and  MEK.  The  use  of  methylene  chloride  to  remove  paint  and  other  coatings 
is  the  largest  usage  of  any  hazardous  chemical  in  the  Air  Force.  If  you  coat  any  part  of  your 
system,  you  use  methylene  chloride  or  MEK  in  your  repair  process. 

Composites:  Composites  typically  use  MEK  and  Methylene  Dianiline  (MDA)  (a  human 
carcinogen)  in  the  manufacture  and  repair.  Other  hazards  arc  associated  with  improper 
manufacture  and  disposal  of  composites. 

EIecti*onics:  There  are  three  areas  in  electronics  that  arc  of  concern:  cleaning,  fluxing,  and 
soldering.  The  electronics  industry  of  necessity  has  high  cleanliness  standards.  Oeaning 
electronics  uses  TCA  and  CFC-1 13  often  before  and  after  the  soldering  process.  Nearly  all  fluxes 


2-99 


use  solvents,  usually  TCA.  AH  soldering  done  for  DoD  still  requires  lead  solders.  If  you  have 
electronics  of  any  kind  in  your  system,  then  you  use  these  hazardous  materials. 

Fire  Suppression:  All  halons  are  targeted  to  be  eliminated.  Production  ofhalon  in  the  U.S.  has 
already  stopped.  All  aircraft,  ships,  tanks,  and  con^uter  rooms  use  halon  fire  suppression 
systems.  Most  hand-held  fire  extinguishers  also  contain  halon. 

Foam  Blowing:  Foam  packaging,  foam  insulation,  foam  cushioning  and  foam  floatation  all 
require  TCA,  CFC-1 1,  CFC-12,  CFC-1 13,  or  CFC-1 14  in  the  manufacture  of  the  foam  bubble  or 
cell  structure  or  as  the  insulating  medium. 

Fuels,  Lubricants,  &  Hydraulic  Fluids:  All  fuels  by  nature  are  hazardous,  but  benzene  as  an 
EPA  17  chemicals  is  targeted  for  elimination.  JP-4  contains  as  much  as  25%  benzene.  Hydrazine 
has  been  targeted  by  AFMC  for  minimization.  Many  lubricants  and  greases  contain  TCA  or  CFC- 
1 13.  Many  hydraulic  fluids  contain  barium  as  a  corrosion  inhibitor.  Barium  is  reported  under  the 
EPA  Toxic  Substances  Control  Act  (TSCA). 

Inks:  Like  paints,  inks  require  a  solvent  Nearly  all  inks  use  TCA  or  CFC-1 13. 

Instrumentation  &  Testing:  Laboratory  tests  often  require  hazardous  materials  because  of  their 
specific  chemical  properties.  TCA,  TCE,  benzene,  and  many  other  hazardous  materials  are  used 
daily  in  testing  facilities  to  maintain  quality  standards  of  paint  fuels,  and  inks  etc.  Many  EPA 
tests  performed  to  verify  compliance  require  a  small  amount  of  a  hazardous  chemical.  Testing 
instrumentation  often  uses  inercury  (i.e.  manometers). 

Metal  Plating:  Cadmium,  Chromium,  and  Nickel,  plating  is  done  to  improve  the  performance 
characteristics  of  materials.  All  three  of  these  heavy  metals  and  their  lOOO’s  of  compounds  are 
targeted  for  minimization.  Almost  all  nut,  bolts,  and  screws  are  plated  widi  one  of  these  three 
metals.  Cyanide  is  used  extensively  in  plating  and  metal  stripping  baths  as  the  carrier  for  the 
heavy  metals. 

Metal  Treatment:  If  your  system  uses  aluminum,  stainless  steel,  high  strength  steels, 
magnesium,  or  titanium  you  use  hazardous  chemicals  in  the  treatment  of  the  metal.  Aluminum, 
for  example,  uses  several  hazardous  chemicals  in  deoxidation,  etching,  chemical  conversion 
coating  (Alodine™)  and  anodizing. 

Refrigerants:  Refrigerants  are  used  in  such  applications  as  refirigerators,  freezers,  water 
fountains,  air  conditioning,  avionics  cooling  systems,  and  chillers.  Refrigerants  include  such 
ODSs  as  R-1 1,  R-12,  R-113,  R-114,  R-22,  and  others. 

Sterilants:  CFC-12  is  widely  used  as  the  diluting  agent  for  ethylene  oxide  to  sterilize  medical 
equipment,  and  to  maintain  cleanliness  in  microcircuit  clean  rooms. 

Other  (Deicing,  Munitions,  LOX,  etc.):  De-icing  agents,  munitions,  chaff  materials,  liquid 
oxygen  equipment  (LOX),  etc.,  contain  or  result  in  hazardous  materials  for  handling  or  disposal. 
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4.  Aerosols  &  Propellants 

Ozone  Depleting  Substances  (ODSs)  being  used  in  aerosol  and  propellant  applications  include; 
Class  I 

CFC-11; 

CFC-12; 

CFC-113; 

CFC-114;  and 

methyl  chloroform  (MCF  or  TCA). 

Class  n 

HCFC-22; 

HCFC-142b;  and 
HCFC-141b. 

In  an  aerosol  package,  the  contents  are  stored  under  pressure  in  a  metal  container  and  dispensed 
in  a  controlled  manner  by  activating  a  valve.  The  type  of  propellant  used,  the  shape  of  the 
opening  in  the  can,  and  the  composition  of  the  product  determine  how  the  product  is  expelled  (i.e, 
a  fine  mist  or  a  foamy  lather).  In  general,  the  components  of  an  aerosol  are  the  active  ingredient, 
the  solvent  and  the  propellant  ODSs  have  been  used  extensively  because  they  can  be  both  the 
solvent  and  the  propellant 

Aerosols  are  used  in  a  variety  of  applications  from  spray  paint  to  electronics  cleaning.  Electronics 
conformal  coatings  are  commonly  applied  using  aerosols.  A  variety  of  chemicals  are  currently 
being  used  or  considered  as  substitutes  for  class  I  and  class  H  ODSs  used  in  noninhalation 
aerosols  and  pressurized  containers.  The  suitability  of  alternatives  depends  upon  the  product  in 
which  they  are  used.  Each  of  the  HazMats  are  used  because  of  their  unique  chemical  properties. 
They  have  a  low  boiling  point  yet  are  not- flammable,  and  have  very  good  solvency  and  propellant 
properties.  However,  EPA  believes  that  the  majority  of  the  substitutes  for  ODSs  used  as 
propellants  or  solvents  in  aerosols  or  pressurized  containers  are  available  and  are  easily  integrated 
into  existing  production  facilities. 

The  primary  substitutes  for  propellant  uses  of  HCFC-22  and  HCFC-142b  are: 
hydrocarbons; 
dimethyl  ether; 

HFCs; 

compressed  gases;  and 
alternative  processes. 

Substitutes  for  the  uses  of  CFC-12  and  CFC-114  as  propellants  in  medical  applications  are  being 
developed  and  will  have  to  undergo  FDA  approval.  Possible  substitutes  are  HFC-134a  and  HFC- 
227ea.  FDA  approval  will  likely  occur  over  the  next  several  years. 
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5.  Batteries 


The  Air  Force  continues  to  research  means  to  extend  the  life,  reduce  the  maintenance  and  lessen 
the  weight  of  batteries  in  its  systems.  This  pursuit  is  now  coupled  with  need  to  develop  light 
weight,  rechargeable  batteries  which  do  not  contain  EPA  17  hazardous  materials.  Batteries  today 
are  typically  manufactured  with  the  following  EPA  17  hazardous  materials  which  must  be 
disposed  properly  at  the  end  of  the  battery  life: 

Nickel-Cadmium  (NiCd)  Rechargeable,  multi-purpose  batteries 

Lead  Maintenance  batteries 

Mercury  Maintenance  batteries 

One  pollution  prevention  alternative  under  development  is  to  extend  the  maintenance  free  life  of 
current  batteries.  WL  is  investigating  coupling  maintenance  free  NiCd  batteries  with  advance 
microprocessor/charger  technology  to  extend  the  life  to  over  20  yrs. 

Additionally,  batteries  based  upon  lithium-polymer  technology  (once  fully  developed)  could  be 
used  in  virtually  all  battery  applications.  Industry  is  also  exploring  Ni-Metal  Hydride  (Ni-MHx) 
materials  to  replace  consumer  NiCd  batteries.  This  technology  could  be  expanded  to  military 
applications. 

Alternatives  are: 


Extended  life/ 

maintenance  free  batteries 
Lithium-polymer  technology 
Ni-MHx  technology 
Lithium  Vinyl-Chloride 
Zinc-Manganese  Dioxide 


under  development 

under  development 

underdevelopment 

non  rechargeable,  large/small  scale 

non  rechargeable,  small  scale 


Lithium  Vinyl  Chloride  batteries  are  used  in  ICBM  (10000  amps)  and  are  available  in  large  and 
small  scales. 

Presently,  nearly  all  batteries  can  be  recycled.  Recycling  is  the  best  option  for  reducing  hazardous 
waste  generation. 
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6.  Bonding  (Adhesives) 


Adhesives  arc  used  in  a  variety  of  applications.  Some  adhesive  applications  include: 

tapes  and  ftims; 

consumer  adhesives; 

packaging  and  packaging  containers; 

transportation; 

non-rigid  bonding; 

rigid  bonding; 

constmction;  and 

bonding  of  metallic  and  composite  air  vehicle  structures  and  subsystems. 

Clean  surfaces  are  required  to  achieve  high  quality,  high  strength  bonds.  Contaminants  in  the 
bond-^e  compromise  bond  integrity.  The  importance  of  surface  preparation  immediately  prior  to 
adhesive  appliration  varies  from  being  desired  for  paper  and  required  for  packaging,  to  being 
absolutely  critical  for  high  strength  applications  such  as  composite  air  vehicle  structure.  Surface 
preparation  is  covered  in  Section  7,  Cleaning,  and  Section  11,  Electronics  and  Precision  Cleaning. 

The  Qass  I  stratospheric  Ozone  Depleting  Substance  (ODS)  used  in  adhesives  is: 

Methyl  Chloroform  (MCF  or  TCA). 


TCA  has  been  the  adhesive  solvent  of  choice  because  it  is  nonflammable,  dries  rapidly,  does  not 
contribute  to  local  air  pollution,  and  performs  weU  in  a  wide  range  of  applications.  Adhesives  that 
contain  EPA  17  listed  substances  as  the  solvent  should  not  be  considered  viable  "substitutes"  for 
TCA  formulations.  The  EPA  17s  used  in  adhesives  arc: 

Toluene; 

Xylene; 

Ketones; 

Tetrachloroethylene  (or  perchloroethylene,  PERC);  and 
Methylene  chloride. 

A  variety  of  formulations  and  processes  are  being  used  or  considered  as  ODS  and  EPA  17  free 
adhesives  or  processes.  Their  suitability  in  a  given  application  depends  upon  physical,  chemical 
and  performance  characteristics,  and  replacement  and  capital  investment  costs.  The  primary 
substitutes  to  replace  TCA  and  EPA  17s  in  adhesives  include: 

Petroleum  distillates  (paraffins,  such  as  hexane  and  heptane); 

Organic  solvents  (alcohols,  ethers  and  esters); 

Water-based  formulations  (such  as  latexes); 

High-solids  formulations;  and 
Process  alternatives,  including: 

powder  formulations  (one-part  epoxies,  urethanes,  and  resins); 
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hot  melts  (thermoplastic  binders); 

radiation-cure  (acrylics,  epoxies,  urethanes,  anaerobic  adhesives,  and  polyesters), 
moisture-cured,  chemical-cured,  and  reactive  liquid  adhesives. 

ParcffinSt  alcohols^  ethers  and  esters  function  well  as  adhesive  solvents.  Many  have  OSHA 
standards  associated  with  their  use. 

Water-based  adhesives  are  effective  in  flexible  foam  adhesive  applications.  These  adhesives 
typically  require  long  set  and  dry  times.  They  are  short-lived  in  storage.  Bacteria^ontaminated 
waste  water  is  often  associated  with  their  use.  They  have  not  proven  effective  in  binding  high- 
density  laminates  or  in  rigid  bond  applications.  • 

High-solids  adhesives  typically  contain  80%  solids  and  thus  a  substantially  reduced  amount  of 
TCA  versus  traditional  formulations.  They  offer  good  performance  characteristics,  including 
initial  bond  strength.  They  can  often  be  applied  using  existing  equipment  at  normal  line  speeds 
with  minimal  modification.  They  are  effective  as  flexible  foams  and  for  bonding  Wgh-pressure 
laminates;  however,  since  they  still  contain  TCA,  they  must  be  considered  transitional 
replacements. 

Powder  adhesives  are  effective  in  higher  temperature  applications;  whereas  hot-melts,  although 
effective  for  metals,  plastics,  and  high-pressure  laminates,  are  heat  sensitive. 

Radiation  curing  employs  UV,  IR,  gamma  or  X-ray  energy  and  is  effective  in  electronics  and 
medical  applications. 

Moisture-cured,  chemical-cured  and  reactive  liquids  are  not  widely  used  due  to  their  lack  of 
maturity  and  performance  problems. 

Monochlorotoluene  and  cMorobenzotriflyorides  are  of  interest  as  adhesive  solvents.  However, 
the  EPA  has  not  issued  a  Significant  New  Alternative  Policy  (SNAP)  program  decision  regarding 
their  use. 

It  is  important  to  note  that  specific  application  testing  may  be  required  when  considering  an 
alternative  adhesive  formulation  or  bonding  process  for  a  military  application.  The  purpose  of 
such  testing  would  be  to  verify  that  the  adhesive  material  meets  performance  requirements  or  to 
certify  the  bonding  process. 
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7.  Cleaning 


There  are  three  major  cleaning  applications:  metals  or  surface  cleaning,  electronics  cleaning,  and 
precision  cleaning.  Electronics  and  precision  cleaning  are  covered  under  Section  11.0.  Surface 
cleaning  is  typically  used  prior  to  surface  finishing,  after  surface  finishing  in  preparation  for 
bonding  and  prior  to  coating.  It  is  also  associated  with  inspection  processes  (removal  of  test 
compounds)  and  printing  operations.  The  majority  of  solvent  cleaning  is  accomplished  with  CFC- 
113  and  methyl  chloroform  (1,1,1  trichloroethane),  PERC,  TCE,  MEK,  MIBK,  and/or  toluene. 


Cold  Cleaning:  Part  is  brushed,  dipped,  or  wiped  with  solvent.  Alternatives  are: 

Organic  solvents  (i.e.  terpenes,  naphthas,  paraffins,  ethers,  &  esters) 

Aqueous  &  Semi-aqueous  cleaners  -  Alkaline  surfactants,  wetting  agents,  emulsifiers, 
detergents  and  organic  solvents  (terpenes,  high  boiling  point  alcohols,  petroleum 
distillates)  with  varying  quantities  of  water.  Requires  a  wash,  rinse  and  drying  phase. 

"No-clean"  -  change  of  manufacturing  process  to  remove  the  cleaning  stage  altogether. 

Monochlorotoluene/chlorobenzotriflourides  -  currently  under  EPA  evaluation. 

Volatile  Methyl  Siloxanes  -  under  EPA  evaluation;  results  look  promising. 

Enzyme  Cleaners  -  requires  a  change  in  process,  includes  rinse  cycle. 

C02  and  Bicarbonate  soda  -  surface  cleaning  using  blasting  media.  Requires  process  and 
equipment  change. 

Vapor  Degrease:  Vapor  phased  solvent  condenses  on  part  and  rinses  off  contaminant. 

Alternatives  are: 

Aqueous  &  Semi-aqueous  cleaners  -  Alkaline  surfactants,  wetting  agents,  emulsifiers, 
detergents  and  organic  solvents  (terpenes,  high  boiling  point  alcohols,  petroleum 
distillates)  with  varying  quantities  of  water.  Requires  a  wash,  rinse  and  drying  phase. 

"No-clean"  -  change  of  manufacturing  process  to  remove  the  cleaning  stage  altogether. 

Monochlorotoluene/chlorobenzotriflourides  -  currently  under  EPA  evaluation. 

Volatile  Methyl  Siloxanes  -  under  EPA  evaluation;  results  look  promising. 

Media  Blasting:  Removal  of  grease,  oils,  baked  carbon,  and  etc.  Alternatives  are: 

High  pressure  hot  water  wash  -  Water  jet  (detergents  may  be  added)  dislodges 
contaminants. 

Dry  Ice  -  C02  pellets  are  blasted  at  surface  to  remove  contaminants  -  requires  expensive 
equipment  and  process  changes. 

Bicarbonate  of  Soda  (BOS)  -  a  water/BOS  mixture  is  blasted  at  surface  to  remove 
contaminants  -  requires  equipment  and  process  change  -  in  use  by  many. 
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8.  Coatings 


The  general  category  of  coatings  refers  to  painting,  priming,  and  conformal  coatings.  Each  one  of 
these  processes  have  traditionally  used  HazMats  and  ODSs.  There  are  four  areas  within  each  of 
the  processes  that  must  be  addressed:  1)  the  coating  material  itself,  2)  the  solvent  used  within  the 
coating,  3)  the  vapors  given  off  from  the  application  of  the  coating,  and  4)  the  cleaning  of  the 
tools  used  to  apply  the  coating. 

There  are  hundreds  of  combinations  of  paints,  primers,  tools,  techniques  and  applications  used  to 
paint  or  prime  surfaces.  Traditionally,  the  methods  in  use  today  were  chosen  and  adopted 
because  of  the  available  technology  and  the  desired  level  of  surface  protection  (corrosion  control) 
or  aesthetic  quality.  Coatings  of  all  ^es  are  used  on  hardware  such  as  aircraft  skins,  engines  and 
engine  components,  ground  support  equipment,  test  articles,  composite  structures  such  as 
radomes,  turbine  blades,  heat  exchangers  and  many  mote  items  too  numerous  to  mention. 
Decreasing  hazardous  materials  in  this  arena  can  be  as  simple  as  consolidating  all  painting 
operations  to  a  complex  and  costly  process  change.  The  table  shown  below  can  be  used  as  an  aid 
to  identify  alternatives  that  may  be  used  during  the  painting/primmg  process. 

Coating  material:  Heavy  metals  are  used  for  pigment  and  corrosion  resistance,  and  include  lead 
and  chromates.  Alternatives  include: 

Do  not  paint  -  leave  bare  metal 

Polyester  films  -  developed  for  F-86  radomes 

Polyurethane  belly  tape  -  used  on  RCAF  C-130 

3M  abrasion  resistant  coatings  on  wing  leading  edges  -  instead  of  repainting  chipped  or 
eroded  edges 

Self  priming  top  coat  -  used  to  reduce  quantity  of  waste  stream  when  depainting 
Reduce  paint  colors  that  are  available 

Eliminate  lacquer  paints  -  they  contain  high  percentages  of  volatile  organic  compounds 

Slolvent:  TCA,  MEK,  toluene,  and  xylene  are  used  as  solvents  in  coatings.  Alternatives  are: 

Water  based  coatings  -  uses  water  as  a  solvent 
Two  component  water  based  epoxy 

Powder  coatings  -  no  solvent  required  because  of  fluidized  bed  applications  and 
electrostatic  fluidized  bed  approaches 
Solvent  recovery  systems  -  using  carbon  absorption  recycling  technique 
Petroleum  distillates,  organic  solvents  (esters,  alcohols),  high  solids  formulations  (less 
solvents,  more  resin) 

Thermoplastic  plasma  spray  coatings 

Vapors:  Most  coating  applications  depend  on  a  solvent  used  to  liquefy  the  coating  for 
application.  After  the  coating  is  applied,  the  solvent  evaporates.  The  main  coating  solvents 
include  Volatile  Organic  Compounds  (VOCs)  like  MEK,  toluene,  and  xylene,  or  ODSs  like  TCA. 
Alternatives  are: 
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Electrostatic  paint  applications 

Solvent  recovery  systems  -  using  carbon  absorption  recycling  technique 
High  volume  low  pressure  paint  guns 

Use  of  paint  proportioning  systems,  paint  handling  systems  and  paint  monitoring  systems 
to  track  the  efficiency  of  the  painting  operation 
Dipping,  flow  coating,  airless  atomizing,  rolling,  continuous  coating,  centrifugal  coating 
and  tumbling  -  instead  of  spraying 

Tool  Cleaning:  The  same  solvents  used  to  liquefy  the  coatings  for  applications  arc  used  to  clean 
die-equipment  after  the  job  is  done. 

Use  of  EP  921  -  instead  of  MEK 

Sealed  washing  units  designed  to  reduce  vapors  emitted  by  spraying  -  also  rccycles  solvent 
used  as  a  cleaning  agent 

Conformal  coatings  arc  typically  used  to  protect  electronic  devices  fiom  environmental,  chemical, 
electrical  and  chemical  hazards.  The  environmental  hazards  associated  with  conformal  coatings 
arc  in  both  the  appUcation  and  the  removal  of  the  coating.  CFC-113  and  TCA  are  almost  always 
used  as  the  solvent  for  the  coatings.  The  best  way  to  reduce  these  hazards  arc  by  carefully 
choosing  the  conformal  coating  used  in  your  qipUcation.  The  mHitary  specification  for  coating 
circuit  card  assemblies  is  MIL  1-46058.  It  includes  five  types  of  conformal  coatings.  T3pe  AR 
(acrylic).  Type  ER  (epoxies)'.  Type  SR  (silicones).  Type  UR  (urethanes)  and  Type  XY 
(paraxylenes  or  parylenes).  To  decrease  the  hazardous  material  ouq>ut  associated  with  removing 
the  conformal  coating,  one  of  these  methods  must  be  reviewed  in  light  of  the  specific  application 
and  use  of  the  electronic  device.  (See  also  conformal  coating  removal  in  the  next  section.) 
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9.  Coating  Removal 


The  general  category  of  coating  removal  refers  to  the  removal  of  paints,  primers  and  conformal 
coatinp.  Indptiy  has  focused  most  of  its  attention  on  alternatives  to  traditional  methods  of  paint 
and  primer  stripping  because  of  the  heavy  reliance  on  methylene  chloride  -  an  EPA  17  chemical. 
The  table  below  can  be  used  as  an  aid  to  identify  alternatives  to  traditional  paint/piimer  stripping 
approaches. 


I  Technology 

Description 

1  Plastic  media  blasting 

Use  of  tiny  plastic  pellets  blasted  at  a  painted  surface.  The  resultant 
waste  stream  is  easily  handled  because  it  is  composed  of  dry  plastic 
pellets  and  paint  chips. 

I  Wheat  starch  media  dry 

1  stripping 

Uses  a  dry  wheat  starch  compound  blasting  technique.  The  resultant 
waste  stream  can  be  remediated  through  biodegradation  techniques 
which  break  down  the  waste  into  carbon  dioxide,  water  and  metals 
which  were  contained  in  the  paint  The  metals  can  then  be  separated 
tiirough  an  ion  exchange  system. 

1  Sodium  bicarbonate 

1  blasting 

Makes  use  of  a  water  and  baking  soda  formulation.  The  slurry  is 
blasted  at  the  painted  surface.  The  resultant  waste  stream  is  much 
less  toxic  than  traditional  methylene  chloride  based  stripper-s. 

I  Increased  intervals 

I  between  stripping 

Most  paints  haye  undergone  testing  which  assures  their  effectiyeness 
for  a  specific  number  of  years.  Be  sure  that  the  paint  or  primer  being 
iemoyed  has  been  used  to  its  full  extent 

1  Mechanical  abrasion 

Makes  use  of  abrasWe  paper  (sand  paper)  and  abrasiye  cloth  used 
manually  or  in  conjunction  with  power  tools.  Typically  used  for  spot 
remoyaL 

I  Cryogenic  stripping 

Use  of  a  liqmd  nitrogen  jet  to  lower  the  paint  temperature  - 
embrittlement  occurs  and  then  plastic  media  blasts  chip  the  paint  off 

I  Chemical  strippers 

Used  as  a  wet  stripper  -  similar  process  as  that  used  when  using 
methylene  chloride.  Products  such  as  X-Caliber  and  Citrex  haye 
been  used.  Most  are  used  in  conjunction  with  another  technique  to 
assure  complete  stripping 

I  Water  blasting 

Uses  water  blasted  at  yery  high  pressures  (20,000  -  30,000  psi)  to 
remoye  painted/primed  surfaces. 

I  CO2  pellet  blasting 

System  uses  tiny  frozen  CO2  (dry  ice)  blasted  at  relatiyely  low 
pressures  -  approximately  250  psi. 

1  Flash  lamp  or  laser 

1  stripping 

M^es  use  of  high  energy  light  sources  to  yaporize  the 
painted/primed  coatings. 

I  Crystalline  ice  pellet 

1  blasting 

Techmque  makes  use  of  tiny  ice  chips  blasted  at  high  pressures.  The 
resultant  waste  stream  is  a  water/paint  slurry  that  can  be  handled 
through  a  filtering  technique. 

I  Alcohol  based  softener 

1  and  high  pressure  water 

1  blasting  combination 

Technique  uses  alcohol  to  soften  the  paini/primer  before  being 
blasted  with  water.  This  allows  for  a  lower  pressure  blast. 
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In  addition  to  the  technologies  descnbed  above,  there  have  been  a  number  of  attempts  to  combine 
two  of  the  techmques  to  assure  complete  stripping.  Typically  one  technique  is  used  to  soften  the 
paint  or  primer  and  a  second  technique  is  us^  to  con:q)letely  strip  the  coating. 

Conformal  crating  removal  poses  a  special  challenge.  Each  of  the  five  general  types  of  conformal 
coatings  require  different  removal  techniques.  The  table  below  describes  these  techniques  and 
indicates  the  chemicals  and  processes  available  to  remove  conformal  coatings. 


Conformal 
Coating  Type 

Traditional  Removal  Technique 

Alternative  Removal 
Technique 

AR  -  Acrylic 

Chemical  scrabs  using  methylene 
chloride,  trichloroethane  and 
aromatics  or  ketones 

Butyrolactone  solvent  baths  - 
then  rinse  with  alcohol  or  de¬ 
ionized  water 

ER  -  Epoxies 

Mechanical  sanding,  abrading, 
cutting  and  scraping.  Chemicals 
have  not  been  successful  since  they 
cannot  discriminate  between  the 
epoxy  conformal  coating  and  the 
epoxy  glass  printed  circuit  boards 
or  epoxy  potted  components 

Mechanical  means  are 
considered  the  best 
alternative. 

SR  -  Silicones 

Methylene  chloride  baths 

Hydrocarbon  systems  - 
soaking  in  hydrocarbon 
solutions  and  rinsing  with 
alcohol  and  de-ionized  water 

UR  -  Urethanes 

Methanol/alkaline  activators  or 
ethylene  glycol  ethers  with  alkaline 
activators 

Traditional  non-hazardous 
methods  are  considered  the 
best  alternative 

XY  -  paraxylenes 
&  parylenes 

Tetrahydrofuran  solvents  with  an 
alcohol  rinse 

Traditional  non-hazardous 
methods  are  considered  the 
best  alternative 
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10.  Composites 


Composite  materials  are  used  in  a  variety  of  applications,  including; 

aerospace  and  marine,  specifically: 

non-structural,  siKh  as  subsystems  housing; 
structural,  such  as  wing  skins,  bulkheads,  and  cargo  flooring; 
automotive  and  mass  transit; 
construction; 
electronics  housing;  and 

recreation,  such  as  tennis  rackets,  golf  clubs,  and  children's  toys. 

Conq)osite  materials  include  preprcgs,  adhesives  and  core  materials.  Preprcgs  consist  of  a  fiber 
matrix,  such  as  fiberglass,  quartz  glass,  carbon/graphite,  or  aiamids,  covered  with  a  resin  material, 
such  as  epoxy,  vinyl  ester,  polyester,  phenolic,  or  bismaleimide. 

The  hazardous  materials  of  primary  concern  used  in  composite  materials  manufacture  and 
support  are: 

Methyl  ethyl  ketone  (MEK),  an  EPA  17  listed  substance;  and 
Methylene  dianiline  (MDA),  a  human  carcinogen. 

There  are  several  environmental  issues  associated  with  the  use  of  composite  materials  in  the 
manufacturing  and  repair  processes.  MEK  is  used  in  the  production  of  a  number  of  prepreg  and 
adhesive  systems.  MDA  is  a  constituent  in  a  numbCT  of  composite  resin  materials,  such  as  PMR- 
15  and  similar  resins.  People  who  prepreg  composite  materials  are  therefore  at  risk  of  exposure 
to  these  hazardous  substances.  Precautionary  measures,  such  as  protective  clothing  and 
ventilation  systems,  are  required.  Expensive  clean  rooms  arc  also  necessary  to  ensure  the  quality 
of  composite  manufacturing.  Personnel  associated  with  the  repair  of  composite  structures  face 
the  same  risks  as  those  who  work  with  raw  composite  materials. 

Curing  of  composite  materials,  using  an  autoclave  or  oven,  is  necessary  to  set  the  desired  material 
properties  for  the  intended  application.  During  cure,  MEK  is  driven  off  and  the  MDA  is  captured 
in  the  solid  matrix  reducing  the  potential  for  exposure.  If  the  material  is  cured  improperly, 
specifically  at  too  high  a  temperature,  the  composite  material  itself  could  be  consumed  resulting  in 
other  more  hazardous  materials  evolving  tike  acidic  hydrogen  fluoride  gas. 

Substances  such  as  hydrogen  fluoride  can  also  evolve  as  a  result  of  burning  composites  at  high 
temperatures,  such  as  might  happen  as  a  result  of  an  aircraft  crash.  Another  potential  hazard  with 
regard  to  the  burning  of  composites  is  the  release  of  very  small  fiber  strands  into  the  atmosphere. 
There  is  some  evidence  to  suggest  such  fibers  could  behave  similarly  to  asbestos  when  inhaled, 
resulting  in  a  risk  of  developing  fibrosis  from  exposure. 
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At  this  time,  there  are  certain  applications,  including  most  military,  for  which  there  are  no  suitable 
substitutes.  Research  and  development  to  resolve  these  issues  is  on-going.  The  toxicity  of  MDA- 
free  materials  is  not  fully  understood.  Toxicological  testing  is  either  on-going  or  being  planned. 

There  are  also  efforts  on-going  regarding  demiJitari2ation  and  disposal  techniques.  Currendy 
waste  scrap  is  either  incinerated,  landfilled  as  a  non-hazardous  waste  or  landfillnd  as  a  hazardous 
waste.  Other  efforts  are  focused  on  developing  recycling  methods  and  the  minimization  of  waste 
scrap.  Thermoplastic  composite  materials  are  very  amenable  to  recycling.  The  construction 
industry  has  taken  advantage  of  this  and  has  made  available  roofing  tiles  madp.  from  recycled 
thermoplastic  composite  material.  Waste  scrap  can  be  minimized  through  improved  purchasing 
techniques  (just-in-time  purchasing),  effective  inventory  management,  and  efficient  material  usage 
(material  conservation,  process  modification,  and  handling).  For  examplb,  Gerber  cutting 
machines  are  typically  65%  to  80%  efficient.  New  software  codes  are  being  developed  to 
improve  this  efficiency  rating  that  will  result  in  the  generation  of  less  scrap. 
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11.  Electronics  and  Precision  Cleaning 

CFC-1 13  and  methyl  chloroform  (TCA)  are  used  extensively  in  the  electronics  and  aerospace 
industry  in  cleaning  printed  circuit  boards  (PCBs)  and  the  precision  cleaning  of  special 
components.  These  chemicals  are  used  because  of  their  ability  to  remove  organic  soils,  low 
surface  tension  to  penetrate  small  spaces,  volatili^,  low  toxicity,  non-flammability,  and  ability 
to  clean  surfaces  without  leaving  a  residue.  In  electronics  applications,  CFC-1 13  and  TCA  are 
used  to  clean  rosin  fluxes  and  other  contaminants  from  PCBs.  In  precision  cleaning 
applications,  CFC-1 13  and  TCA  are  used  when  critical  cleanliness  standards  on  sensitive, 
intricate  components  must  be  met,  or  when  components  have  physical  characteristics 
(geometry). 


Unfortunately,  alternative  materials  and  processes  for  electronics  and  precision  cleaning  do  not 
possess  the  "universal  appUcability"  of  CFC-1 13  and  TCA.  Each  individual  substitute  material 
or  process  must  be  qualified  on  a  case-by-case  basis  on  systems  to  ensure  material  compatibility 
and  system  performance  is  maintained. 

In  addition,  lead  (Pb)  is  used  extensively  in  the  electronics  industry  as  a  component  of  solder 
(the  most  common  is  65%  tin  and  35%  Pb).  Since  Pb  (and  associated  compounds)  is  one  of  the 
pA  17  industrial  toxic  chemicals  and  AFMC  has  set  goals  for  its  elimination,  the  Air  Force  is 
interested  in  solders  which  do  not  contain  Pb. 

There  are  many  alternatives  for  CFC-1 13  and  TCA  in  electronics  and  precision  cleaning 
operations.  Such  alternatives  range  from  "no-clean"  technologies  to  semi-aqueous  and  aqueous 
cleaning.  The  following  table  lists  alternative  materials  and  processes  for  both  the  electronics 
and  precision  cleaning  processes.  For  each  alternative,  a  brief  description  of  substitutes  with 
advantages  and  disadvantages  will  be  covered. 

Alternatives  for  Electronics  Cleaning 


Technology 

Description 

Advantages 

Disadvantages 

Alkaline 

Saponified  Water 
Cleaning 

Used  to  clean  fluxes  & 
other  contaminants  from 
PCBs 

Low  surface  tension,  ability 
to  emulsify  contaminants 

Foaming,  various 
detergents  w/  diff. 
cleaning  proDerties 

Semi-Aqueous 

Qeaning 

Hydrocarbon  solvent  to 
clean,  water  rinse  to 
remove  hydrocarbon 
(HC)  solvent  residue 

Excellent  for  cleaning 
surface  mount  technology, 
removes  polar  &  non-polar 
contaminants 

Could  be  incompat  w/ 
plastics  &  rubbers,  odor 
&  toxicity  concerns 

Underbrush 

Qeaning 

Scrubs  the  fluxed  solder 
side  of  the  PCB 
assembly,  uses  detergent, 
HC  solvent,  or  surfactant 

In-line  batch  process  can  be 
used,  solvent,  detergent,  or 
hydrocarbon/surfacL  can  be 
used 

Must  periodically 
replace  wash  solutions, 
design  conveyor  system 
to  suit  the  product 

Hydrocarbon/Sur 
factant  Spray 
Cleaning 

Cleaner  (solvent  & 
surfactant)  dissolve  the 
soils,  water  rinse  is  used 

Concentrated  HC-surfactants 
more  effective  than  CFCs, 
excellent  for  SMT 

Flammability  concerns, 
hydrocarbon  mist 
formation  (VOCs) 
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Technolo 


In-Line  Aqueous 
Qeaning 


Batch  Aqueous 
Cleaning 


Controlled 
Atmosphere 
Soldering  (CAS) 
-  No  Clean 
Method 


Use  of  Low 
Solids  -  No 
Qean  Fluxes 


Description 


Spray  cleaning  using 
water  &  saponifiers, 
relies  on  spray  nozzles  to 
clean  PCBs 


Dishwasher  "batch”  spray 
machines  are  used  w/ 
several  cleaning  stages 


Inert  gas,  usually  N2,  is 
used  to  reduce  the  level 
of  oxygen;  reduces  amt 
of  flux  needed  to  produce 
an  acceptable  ioint 


Low  solids,  low  residue 
fluxes  which  contain  0.5 
to  4%  solids 


High  Solids-No 
Qean  Fluxes 


No-Qean  Solder 
Pastes 


Use  of  Water 
Soluble  Fluxes 


HCFC  and  other 

Fluorinated 

Solvents 


Ice  Particle 
Qeaning  of 
PCBs 


Contain  only  15-40% 
solids;  used  in  Europe  & 
Japan,  not  in  U.S. 


LOw-residue  no-clean 
solder  pastes  used  which 
can  be  left  on  the  PCB 


Fluxes  are  used  that  can 
be  dissolved  using  a 
simple  DI  water  rinse 
(e.e.  HF-1189) 


Fluorinated  organic 
solvents  (e.g.  penta- 
fluoropropanol,  HCFC- 
123,  HCFC-141b,  etc.) 


Alcohol-water  mixture 
used  as  a  solvent  to  clean 
PCBs 


Spray  of  ice  particles 
(0.1  to  300  um),  hardness 
and  size  of  the  particles 
are  controlled 


Advantages 

Disadvantages 

Process  is  cost-effective  if  no 
water  pre-treatment,  various 
saponitiers  can  be  used 

SMT  processing  has 
limitations,  requires 
filtering  of  water,  must 
monitor  waste  stream 

Less  than  25%  water 
consumption  than  in-line 
systems,  electricity  usage  is 
20%  lower 

Effective,  but  tend  to 
operate  on  long  cycles, 
high  throughput 
machines  cost  $$$$ 

Better  cosmetics,  better 
wetting  characteristics, 
improved  joint  quality,  less 
dross,  may  eliminate  flux 

Increased  bridging 
related  to  board  design, 
equipment  changes  must 
be  made 

Reduced  solids  content 
results  in  less  post  solder 
residue,  eliminating 
cleaning;  spray  fluxers  are 
used 

Amount  of  flux  applied 
is  critical,  may  require 
adjustment  of  amount  & 
pattern  of  flux  applied 

Residues  provide  a  method 
for  controlling  long-term 
corrosion 

May  result  in  increased 
tackiness  and  reduced 
testability 

Eliminates  the  need  for 
cleaning  after  the  reflow 
soldering  processes 

May  require  a  controlled 
atniosph.  to  produce 
adequate  solder  joints 

Eliminates  the  need  for  ODS 
containing  solvents  in  the 
cleaning  step,  cycle  time 
reduction 

Requires  minor  equip, 
changes,  hand  soldering 
requires  practice,  may 
need  PCB  redesign 

Chemicals  have  polar 
solvency  for  removing  ionic 
soils,  low  surface  tension, 
cleans  SMT,  some  "drop-ins" 

Many  are  Class  n 

ODSs,  toxicity  testing  is 
in  process 

Alcohol  reduces  the  surface 
tension  allowing  solution  to 
circulate  freely 

Cleaner  is  VOC, 
flammable,  may  need  to 
treat  waste  water 

Eliminates  cleaning  of  PCBs 
with  ODS  containing 
chemicals,  pressure  and 
angle  of  cleaning  is 
controlled 

New  technology  without 
a  lot  of  test  data, 
requires  installation  of 
new  equipment 
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Reactive 

An  aqueous  cleaning 

RADS  is  non-toxic. 

Requires  equipment  | 

Aqueous 

solution  with  an  oxidizer 

biodegradable  and  has  no 

changes 

1 

Defluxing  , 

is  sprayed  on  to  the 

ODP 

PCBs,  rinse  w/  DI  water 

_ 

Alternatives  for  Precision  Cleaning  ^ 


Technology 

Description 

Advantages 

Disadvantages 

Aqueous  Precision 
Cleaning 

Water  is  the  primary 
cleaning  solvent  with 
various  additives; 
process  consists  of 
washing,  rinsing,  & 
drying  steps;  uses 
immersion,  spray, 
and  ultrasonics 

A  non-flammable, 
non-toxic  cleaner  for 
multiple  contams., 
good  for  inorganic  or 
polar  soils,  can  use 
ultrasonics,  chemicals 
are  inexpensive 

Difficult  to  clean 
parts  with  blind  holes 
&  small  crevices, 
requires  careful 
process  control, 
difficult  to  rinse, 
waste  water  disposal 
could  be  a  problem 

Semi- Aqueous 
Precision  Cleaning 

Hydrocarbon/surfact¬ 
ant  cleaners;  cleaners 
are  either  emulsified 
in  water  or  rinsed 
with  water;  uses 
immersion  or  spray 

Good  for  cleaning 
grease,  tar,  &  waxes; 
compatible  w/  most 
metds  &  plastics; 
low  evaporative  loss 

Recycling  or  disposal 
of  wastewater  can  be 
costly;  flammability 
is  a  concern  in  spray 
cleaners;  some  are 
VOCs  or  have  odors 

Use  of  Pressurized 
Gases 

Pressurized  gases 
such  as  air,  tare 
gases,  CO2,  N2,  and 
HCFC-22  are  blown 
on  parts  to  remove 
contaminants 

Low  viscosity,  low 
toxicity,  high  diffusi- 
vity,  non¬ 
flammability,  low 
capital  cost 

Low  density,  high 
pressures  can  rupture 
seals,  hard  to  clean 
critical  components, 
often  not  effective  for 
microscopic  particles 

Supercritical  Fluid 
(SCF)  Cleaning 

Fluids  (normally 
gases)  that  are  above 
their  critical  values 
for  temp.  &  pressure; 
powerful  solvent 
ability 

Effective  in  removing 
substances  of  low 
molecular  weight  and 
low  polarity; 
properties  of  the 
solvent  can  be  altered 

Need  to  operate  at 
high  pressures, 
significant  up-front 
capital  costs,  can 
adversely  affect 
substrates 

Plasma  Cleaning 

Electrically  charged 
gas  containing 
ionized  atoms, 
electrons,  &  free 
radicals;  in  a  vacuum 
chamber,  cold 
plasmas  contact 

PCBs;  RF  energy  is 
used  to  create  plasma 

Process  gases  are 
inexpensive;  only 
small  amounts  of 
process  gases  are 
used;  cleaning  time 
ranges  from  a  few 
seconds  to  a  few 
hours;  parts  are 
cleaned  evenly 

Capital  costs  for 
equipment  are  high 
(up  to  $130K); 
plasma  is  not  formed 
efficiently  in  hidden 
areas  of  parts;  can 
produce  a  film  on 
parts;  must  remove 
gross  contam.  first 
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Technology 

Description 

Advantages 

Disadvantages 

Ultraviolet  Light/ 
Ozone  Cleaning 
Method 

Exposure  of  the 
contaminated  surface 
to  UV  light  in  the 
presence  of  ozone; 
cleaning  occurs  due 
to  photosensitized 
oxidation;  used  in 
photoresist  removal, 
cleaning  vacuum 
chamber  walls, 
silicon  wafers,  etc. 

Good  in  removing 
thin  organic  films 
from  different 
surfaces;  used  prior 
to  thin  film 
deposition 

Poor  cleaning  of 
particles  &  inorganic 
contamination;  can 
damage  certain 
substrates;  staining 
and  discoloration  of 
certain  materials 

UseofHCFCsin 
Precision  Cleaning 

HCFCsandHCFC 
blends  are  used  as 
solvents  for  heavy 
grease  &  water 
soluble  oils 

Some  of  these 
solvents  have  good 
cleaning  performance 
&  are  close  to  being 
"drop-ins" 

HCFCs  have  an  ODP 
&  are  targeted  for 
phase-out  in  2030; 
may  require  process 
changes 

Alcohol  Qeaning  w/ 

Perfluorocarbons 

(PFCs) 

Methyl,  ethyl,  and 
isopropyl  alcohols  are 
used  as  solvents;  use 
of  a  perfluorocarbon 
"blanket"  to  protect 
against  flammability 

Alcohol  (being  polar) 
has  great  solvency 
and  can  remove 
particulate  & 
inorganic  contams.; 
mixture  allows 
continual  distillation 

Alcohol  not  effective 
in  removing  nonpolar 
contams.  like  grease; 
PFCs  are  global 
warmers;  high  capital 
cost  for  equipment 

N-Methyl-2- 
Pyrrolidone  (NMP) 
as  a  Solvent 

NMP  is  effective  as  a 
solvent  especially  in 
ultrasonics 
applications  (at  room 
&  elevated  temp.) 

NMP  is  miscible  w/ 
water  &  most  other 
organic  solvents;  it 
has  high  solvency, 
high  purity,  high 
flash  point,  &  low 
volatility 

Polymeric  materials 
such  as  epoxy¬ 
urethane  are  sensitive 
to  NMP 

Perfluoroalkanes 
(PFAs)  as  Solvents 

A  group  of  cmpds  in 
which  all  of  the 
hydrogen  atoms  are 
substituted  by 
fluorine;  PFAs  are 
used  in  medical 
applications  &  are 
safe  in  contact  w/ 
pure  O9  at  hi  press. 

Where  no  substitutes 
are  yet  available, 

PFAs  offer  solutions 
for  cleaning  parts  for 
high  accuracy  gyros 

PFAs  are  expensive 
due  to  their  synthetic 
production  processes; 
PFAs  have  a 
significant  global 
warming  potential; 
low  solvency  &  are 
unlikely  to  remove 
oils 
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Alternatives  for  Lead  (Pb)  in  Soldering 


Technology 

Description 

Advantages 

Disadvantages 

Non-Pb  Solders 

Various  non-Pb 
solders  are  available 
for  use  including  Tin- 
Silver,  Tin-Zinc,  and 
Tin-Copper  solders 

These  solders  do  not 
contain  Pband 
therefore  do  not 
present  die  same 
environmental  & 
health  concerns 

Materials  do  not 
possess  the  "global" 
applicability  of  Sn-Pb 
solder  &  must  be 
tested  for  each  use, 
require  process 
changes 

Alternatives  for  ODS  Chemicals  In  Testing  Electronics 


Technology 

Description 

Advantages 

Disadvantages 

Cooling  Electronic 
Equipment  Using 
HFC-134a 

HFC-134a  is  used  to 
cool  down  electronic 
components  during 
testing  for  thermally 
intermittent  failures 

HFC- 134a  is  very 
close  to  being  a 
"drop-in"  substitute 
for  R- 12  in  this 
application 

HFC- 134a  has  global 
warming  potential 
and  has  limited 
availability;  HFC- 
134a  is  relatively 
expensive 

Cooling  Electronic 
Equipment  Using 
Liquid  Nitrogen 

Liquid  nitrogen  is 
used  to  cool  down 
components  during 
testing  for  thermally 
intermittent  failures 

Liquid  nitrogen  is 
less  expensive  than 
using  CFC-containing 
refrigerants;  no 
environmental 
problems 

Uquid  nitrogen 
presents  a  potential 
risk  of  thermal  shock 
to  components;  safety 
hazards  assoc,  w/ 
using  liquid  nitrogen 

Vortex-Cooled 
Compressed  Air 

Compressed  air  is 
split  into  two 
streams,  one  cold.& 
one  hot;  cold  stream 
is  directed  at 
components 

Compressed  vortex 
air  coolers  are 
inexpensive; 

Hazardous  noise  may 
be  produced  by  the 
compressed  air 
coolers;  these  coolers 
require  longer  times 
to  cool  equipment 

Compressed  Air 

Used  to  Replace 
Aerosol  Dusters  in 
Electronics  Testing 

Compressed  air  with 
appropriate  filters  & 
dryers  is  used  to  blow 
offPCBs 

Compressed  air  is 
easy  to  obtain  and 
relatively  inexpensive 
to  use;  no  operator 
exposure  hazards 

Requires  initial 
investment  for  in-line 
filters  &  dryers 
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12.  Fire  Suppression 

Ozone  Depleting  Substances  (ODSs)  used  in  &e  suppression: 

Class  I  Halon  1211  -  Hand-held/manual 

Halon  1301  -  Total  flooding/automatic  systems 
Halon  2402  -  Limited  use  in  engine  nacelles 

Worldwide  production  of  these  substances  will  cease  1  Jan  94  by  direction  of  the  Montreal 
Protocol.  Production  has  already  ceased  in  the  U.S. 

Substitutes  for  Halon  as  &e  suppression  agents  must  meet  the  following  criteria: 

-  They  must  be  effective  fire  protection  agents 

-  They  must  have  an  acceptable  environmental  impact 

-  They  must  have  low  toxicity 

-  They  must  be  relatively  clean  or  volatile 

Human  safety  factors  to  be  met  are  the  No-Observed-Adverse-Effect-Level  (NOAEL)  and  the 
Lowest-Observed-Adverse-Effect-Level  G-OAEL).  These  factors  measure  caidiotoxicity  of  a 
material.  Generally,  accepted  safety  levels  are  NOAEL  of  1  percent  and  LOAEL  of  2.5  percent 
If  a  substance  requires  concentration  greater  than  indicated  above  to  be  a  good  fire  suppressant 
the  system  must  be  designed  to  allow  evacuation  of  personnel  prior  to  released  agent  exceeding 
these  concentration  levels. 

Weight  and  volume  are  critical  factors  when  used  as  aircraft  on-board  fire  and  explosion 
suppressant 


HBFCs:  HBFC  -22B1  is  the  only  HBFG  expected  to  be  commercially  available.  This  substance 
is  a  good  fire  suppressant  at  slightly  greater  weight  and  volume  than  Halons.  However,  with  an 
Ozone  Depleting  Potential  (ODP)  of  0.74,  it  has  been  added  to  die  production  phase  out  list 
effective  1  Jan  96. 

HCFCs  -  Class  n  ODSs:  HCFCs  are  effective  fire  suppressants,  but  not  as  effective  as  Halons. 
Toxicity  levels  are  higher  than  allowable;  therefore,  use  is  limited  in  occupied  spaces. 

HFCs:  Less  effective  than  Halons,  HFCs  are  useful  in  applications  with  greater  weight  and 
volume  limits.  HFCs  can  potentially  contribute  to  global  warming.  EPA  will  prohibit  discharge 
testing  and  training  with  these  agents. 

There  are  many  substitutes  for  the  Halon  group  of  fire  suppressants;  however,  all  have  some 
limitation  which  makes  them  unsuitable  for  long-term  use  in  the  USAF.  Wright-Laboratories  and 
many  con5)anies  in  the  fire  suppression  industry  are  actively  involved  in  research  and  development 
to  identify  or  create  suitable  substitutes  which  more  closely  fulfill  our  requirements. 


2-117 


13.  Foam  Blowing 


The  manufacture  of  foam  plastics  relies  on  the  use  of  gas  or  volatile  blowing  agents  to  create 
bubbles  or  cells  in  the  plastic  foam  structure.  Suitable  blowing  agents  must  be  soluble  in  liquid 
but  not  in  solid  plastic,  possess  a  suitable  boiling  point  and  vapor  pressure,  and  not  react  with  the 
plastic.  Other  factors  to  consider  for  alternatives  include  toxicity,  flammability,  environmental 
concerns  (ejq)osure  levels  and  pending  regulation)  and  in  the  case  of  insulating  foams,  the 
insulating  efficiency  (thermal  conductivity).  Foams  are  used  for  cushioning,  floatation  devices, 
packaging,  and  themnal  insulation.  Cushioning  foams  and  packaging  foams  are  primarily  made 
from  flexible  polyurethane,  polyolefin,  and  polystyrene  foams.  Insulating  foams  are  primarily 
made  from  polyurethane  foam,  polystyrene,  and  phenolic  insulation  board.  Poam  production 
blowing  agents  are  primarily  comprised  of  the  following  five  ODSs; 

Class  I:  (3^C-1 1  &  CFC-1 13  polyurethane  and  phenolic  foams 

CFC- 1 2  &  CFC- 114  polyolefin  and  polystyrene  foams 

Methyl  Chloroform  (TCA)  some  flexible  foams 


In  the  short  term,  most  CFC  blowing  agents  can  be  replaced  with  HCFCs  and  HFCs  with  either 
no  or  minor  process  changes.  Others  will  require  major  changes  as  well  as  performance 
considerations  (lower  insulating  potentials).  However,  H(3FCs,  HFCs,  and  hydrocarbons  have 
their  drawbacks  for  long  term  solutions.  HCFCs  have  varying  degrees  of  ozone  depleting 
potential.  HCFCs  and  HFCs  have  global  warming  potential.  Other  potential  alternatives 
(especially  hydrocarbons)  are  Volatile  Organic  Compounds  (VOCs). 


Ezdstihg  Blowing  Agent  Potential  Alternatives 

CFC-11  -  HCFC-123,  HCFC-141b 

CFC-1 13  -  HCFC-22,  HCFC-142b 

-  Carbon  Dioxide 

-  2-Chloropropane 

-  HFC-134a 
-HFC-152a 

-  Hydrocarbons 

-  AB  Technology 


Comment 

virtual  short  term  drop  in 
requires  technical  &  process  mods 
long  term 

proprietary  development 
under  development  (ud) 

(ud),  flammable 

(ud),  flammable,  major  VOC  source 
generates  carbon  monoxide 
(regulated  by  OSHA) 


Existing  Blowing  Agent  Transitional  AltemativRs 
CFC-12  -  HCFC-22,  HCFC-142b 

CFC-1 14 

-  HFC-124,  125, 143a 

-  Carbon  Dioxide 


Comment 

technology  under  development  for 
short  term 
under  development 
long  term 


Alternative  products:  Expanded  polystyrene,  fiberboard,  fiberglass,  vacuum  panels,  new 

polyol  technology,  paper,  cardboard,  latex  foams. 

Pending  blowing  agent:  Nitrogen  gas,  HFC-227ea/pentane,  HFC-227ea/methylpropane 
Alternative  process:  Electroset  process 
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14.  Fuels,  Lubricants,  &  Hydraulic  Fluids 

Fuels:  Fuels  serve  as  an  energy  source  for  internal  combustion,  turbine,  and  jet  engines.  Such 
engines  are  typical  of  military  applications,  in: 

ground  equipment 

ground  vehicles  (cars,  trucks,  tanks,  etc.); 
air  vehicles  (drones,  aircraft,  etc.);  and 
ships. 

The  hazardous  material  of  most  concern  in  gasoline,  diesel  fuel  and  JP-4  is  benzene.  Benzene  is 
an  aromatic  hydrocarbon.  JP-4  can  be  as  much  as  25%  benzene  (10%  on  average).  Benzene  is  an 
EPA  17  listed  substance  and  a  human  carcinogen. 

Improperly  controlled  combustion  of  these  fuels  contributes  to  local  air  pollution.  This  results  in 
emissions  of  hazardous  carbon  monoxide.  Other  emissions  include  carbon  dioxide  (a  greenhouse 
gas),  and  oxides  of  sulfur  and  nitrogen.  This  contributes  to  the  formation  of  hazardous  ground- 
level  ozone,  smog  and  acid  rain. 

Flexible  fuel  engines,  especially  for  ground  fleet  vehicles  (i.e.,  car  and  light  truck  fleets),  are  an 
alternative  which  are  becoming  more  and  more  practical  as  the  technology  is  perfected.  For 
example,  many  gas  stations  now  offer  gasoline-methanol  blends.  Some  blends,  such  as  10% 
methanol,  can  be  safely  used  in  normal  internal  combustion  engines  with  no  modification. 
Development  and  refinement  of  alternative  fuel  engines  and  electric  vehicles  is  underway.  In 
California,  the  state  which  typically  leads  the  nation  in  environmental  regulations,  the  USAF  has 
begun  the  transition  to  cars  which  can  operate  on  alternative  fuel,  like  methanol.  Methanol 
combusts  at  a  lower  temperature  resulting  in  a  reduction  in  emissions  out  the  exhaust  pipe.  The 
tradeoff  is  in  horsepower  and  miles  per  gallon  of  fuel,  both  of  which  are  lower  than  comparable 
gasoline  engines. 

An  alternative  to  JP-4  is  JP-8.  JP-8  contains  less  than  100  parts  per  million  (ppm)  benzene, 
significantly  less  than  that  contained  in  JP-4.  The  USAF  is  encouraging  the  use  of  JP-8,  especially 
for  new  acquisition  programs  where  designs  can  be  influenced  without  the  burden  of  modifying 
existing  equipment  The  transition  to  JP-8  from  JP-4  in  existing  air  vehicles/weapon  systems  is 
more  difficult  as  it  would  require  engineering  changes  for  seals,  gaskets  and  0-rings. 

Hydrazine  is  another  substance  used  as  fuel,  specifically  in  the  F-16  program.  It  is  used  as  a  EPU 
propellant  of  chaff.  It  is  highly  flammable  and  extremely  toxic.  Hydrazine  should  not  be  required 
in  new  systems. 

Lubricants:  Lubricants  are  used  in  a  variety  of  applications,  including: 

lubricant/cleaner  blends  which  leave  a  thin  lubricant  layer  behind; 
greases  for  fittings,  bushings,  etc.; 
general  purpose 
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In  many  but  not  all  cases,  Technical  Orders  specify  the  use  of  MIL-L-63460  lubricant/cleaner 
blend.  MIL-L-63460  through  version  D  specifies  5%  to  15%  trichlorotrifluoroethane  (CFG- 113) 
and  methyl  chloroform,  MCF  (or  1,1,1  trichloroethane,  TCA).  Both  are  Class  I  ODSs. 

Picatinny  Arsenal,  Pa,  is  performing  tests  on  C3^C-fiee,  non-chlorinated  solvent  lubricants  to  met 
MIL-L-63460  and  expects  to  have  an  acceptable  alternative  in  the  very  near  term.  Alternative 
general  purpose  lubricants  are  available  where  MIL-L-63460  are  used  but  not  specified.  In  some 
cases,  a  two-step  cleaning  and  lubricating  process  may  be  needed. 

Some  current  lubricants  are  available  in  aerosol  containers.  Non  aerosol  alternatives  are  available. 
Non  CFG,  non-chlorinated  solvent  products  are  currently  qualified  to  NSN  9150-00-458-0075, 
NSN  9150-00-823-7860  (limited  availability),  and  NSN  9150-01-064-6511  (one  alternative). 

It  has  been  discovered  that  the  burning  of  waste  lubricant  oil  produces  the  toxin 
trycTOsylphosphate,  TCP.  Similar  toxins  are  generated  in  high  temperature,  low  oxygen 
environments.  The  combinations  of  conditions,  additions  and  formulations  which  generate  TCP 
toxins  in  turbine  engine  lubricants  is  not  thoroughly  understood.  Environmental  studies  are  being 
developed  to  assess  present  and  substitute  lubricant  formulations  with  the  goal  of  developing  a 
TCP-free  lubricant 


Hytonhg  fltfids:  The  fluid,  MIL-H-46170  Type  H,  used  in  hydradic  systems  uses  a  barium 
additive  as  a  corrosion  inhibitor.  Although  barium  is  not  listed  as  an  Ozone  Depleting  Substance 
(ODS)  or  an  EPA  17  substance,  it  is  reported  under  the  EPA  Toxic  Substances  Control  Act 
(TSCA)  as  a  hazardous  material.  Barium  is  explosive  and  poisonous. 

A  low  teniperature,  non-barium  fluid  is  being  developed  by  the  Army  which  uses  calcium  as  the 
corrosion  inhibitor  but  it  has  a  flash  pointbelow  acceptable  USAF  standards.  The  US  AF  has 
proposed  work  to  the  Army  to  execute  development  of  a  low  temperature,  non-barium,  high 
flash  point  hydraulic  fluid. 
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15.  Inks 


Ozone  Depleting  Substances  (ODSs)  being  used  in  ink  formulations  include: 
Qass  I: 


-  Methyl  Chloroform  (MCF  or  TCA) 

-  CFC-113  (negligible  use) 

TCA  is  the  only  ODS  currently  used  in  ink  formulations 

The  primary  use  of  inks  in  the  industrial  environment  is  packaging  and  marking  of  circuit  cards  and  chassis. 


The  most  acceptable  substitutes  for  TCA  in  ink  are: 

-  Water  Base 

-  Water  Solution  (water  80  percent/alcohol  and  ethyl  acetate  20  percent) 

-  Terpenes 

A  problem  experienced  wiA  pure  water  base  formulations  is  the  existence  of  high  surface  tension.  This 
prevents  good  penetration  into  the  product  surface.  This  has  been  overcome  by  use  of  additives  (alcohol 
ethyl  acetate,  etc.)  which  greatly  reduce  surface  tension. 

There  are  many  other  substitutes  that  are  not  ODSs;  however,  the  toxicity  levels  in  most  of  these 
substances  make  their  use  unacceptable. 
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16.  Instrumentation  &  Testing 


Instrumentation:  Mercury  is  the  main  hazardous  material  used  in  instrumentation. 
Thermometers  and  manometers  are  examples.  Many  testing  facilities  are  changing  to  digitized 
calibration  and  measuring  equipment  to  replace  their  mercury  instrumentation. 

Testing:  The  hundreds  of  chemical  testing  procedures  we  use  daily  to  control  product  quality  or 
to  verify  EPA  regulation  coti^liance  are  dependent  on  various  hazardous  materials.  TCA,  TCE, 
benzene,  and  many  other  hazardous  materials  are  used  in  testing  facilities  to  maintain  quality 
standards  for  paint,  fuels,  and  inks  etc.  Laboratory  tests  require  hazardous  materials  because  of 
their  specific  chemical  properties.  Many  test  facilities  ate  also  dependent  on  hazardous  cleaners 
like  TCA  and  MEK.  Due  to  the  small  relative  quantities  used  and  the  extensive  R&D  required  to 
develop  new  tests  not  requiring  hazardous  materials,  no  substitutes  are  available  nor  will  there 
likely  be  substitutes  in  the  near  future. 
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17.  Metal  Plating 


Metal  plating  is  sometimes  combined  with  metal  treatment,  the  next  category,  and  called  surface 
finishing.  When  taken  as  a  group,  surface  finishing  is  the  largest  source  of  hazardous  waste  in 
aircraft  production.  Metal  plating  most  commonly  refers  to  electroplating,  which  deposits 
metals  such  as  chromium,  cadmium,  hickel,  (all  on  the  EPA  17),  silver  or  zinc  on  another  metal 
surface.  The  purpose  of  the  plating  is  normally  to  enhance  the  corrosion  resistance  or  hardness 
of  the  base  metal.  In  addition  to  the  problems  caused  by  the  plating  materials  themselves,  waste 
streams  from  plating  baths  typically  contain  cyanide,  which  is  also  an  EPA  17  and  extremely 
poisonous. 

In  zinc  plating,  alternatives  to  the  plating  baths  containing  cyanide  include  ammonium  or 
potassium  chloride,  and  acid  sulfate,  chloride,  or  fluoroborate.  For  cadmium  plating, 
alternatives  include  cadmium  oxide,  sulfuric  acid,  distilled  water,  and  various  anionic 
compounds.  A  promising  substitute  for  cadmium  plating  is  ion  vapor  deposition  (IVD)  of 
aluminum.  The  biggest  problem  with  IVD  aluminum  is  that  it  cannot  be  used  where  very 
precise  tolerances  ate  required  or  in  small  diameter  openings.  Other  alternatives  for  cadmium 
plating  include  a  zinc  and  nickel  plating,  and  aluminum  ceramic.  For  chromium  plating,  many 
processes  have  substituted  trivalent  chromium  for  hexavalent  chromium.  This  is  because 
tiivalent  chromium  is  less  toxic  than  hexavalent  chromium.  Note  that  this  is  a  step  in  the  tight 
direction,  but  still  does  not  get  rid  of  the  chromium.  Nickel  is  a  common  alternative  for  both 
cadmium  and  chrome,  but  note  that  all  three  of  these  are  on  the  EPA  17. 

Stripping  of  the  plating  (typically  for  inspection  or  repair)  also  generates  similar  hazardous 
wastes  to  the  plating  processes.  Cyanide  based  strippers  are  typically  used.  Chemicals  such  as 
hydrochloric,  sulfuric,  and  nitric  acid,  ammonium  hydroxide,  and  potassium  and  sodium  nitrate 
are  being  used  as  replacements.  Oklahoma  City  ALC  has  researched  use  of  non  cyanide 
containing  alternatives  for  silver  plating  and  stripping. 

Plating  alternatives  to  electroplating  include  electroless  plating,  flame  spray,  spray  casting,  and 
plasma  spraying.  Electroless  plating  has  been  used  for  nickel  plating  for  a  number  of  years  and 
does  reduce  disposal  quantities,  but  is  expensive.  Flame  spay  is  a  process  used  in  some  areas  to 
give  thin  coatings  of  meltable  metals.  Due  to  high  temperature  and  line-of-sight  restrictions , 
flame  spraying  has  limited  applications.  Spray  casting  eliminates  baths  and  can  be  used  to  spray 
My  material  that  can  melt,  but  requires  lower  temperatures  than  flame  spraying.  It  is  currently 
in  the  late  stages  of  R&D  and  shows  promise.  It  is  limited  to  line-of-sight  applications.  Plasma 
spraying  is  similar  to  spray  casting  in  that  it  eliminates  baths,  is  line-of-sight  limited,  and  is 
currently  being  researched. 
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18.  Metal  Treatment 


Metal  treatment  covers  a  wide  variety  of  processes  including  passivation,  conversion  coatings, 
deoxidizing,  etching,  chemical  milling,  and  anodizing.  When  considered  as  a  group  with  metal 
plating,  surface  fimshing  is  the  largest  source  of  hazardous  waste  in  aircraft  production. 

Deoxidizing,  as  its  name  implies,  is  a  surface  prep  operation  which  removes  the  oxides  from  the 
metal.  Etching  is  also  a  surface  prep  operation  which  roughens  the  metal  for  operations  such  as 
bonding.  Chromic  acid  is  typically  used  for  etching  and  deoxidizing  because  of  its  anti 
corrosion  properties,  benign  nature  toward  aluminum,  and  its  ease  of  use.  However,  it  is  on  the 
17.  Substitutes  for  chromic  acid  currently  under  development  include  nitric,  hydrofluoric, 
and  sulfunc  acids.  Corrosion  protection  and  adverse  efrects  on  aluminum  are  concerns.  Laser 
etching  is  in  the  early  stages  of  R&D  for  etching.  It  is  line  of  sight  limited. 

Anodizing  treatment  is  a  process  in  which  the  aluminum  parts  to  be.treated  act  as  the  anode  in  an 
electrolytic  bath  (chromic,  sulfuric,  or  oxaUc  acid).  This  produces  a  tough,  adherent  coating  of 
aluminum  oxide.  Alternatives  being  looked  at  include  sulfuric,  phosphoric,  and  boric  acids.  As 
with  the  substitutes  for  deoxidizing  and  etching,  corrosion  protection  and  adverse  effects  on 
aluminum  are  concerns.  Oklahoma  City  ALC  currently  has  research  projects  underway  for  both 
aluminum  and  magnesium  which  reduce  or  eliminate  the  use  of  chromium. 

Conversion  coatings  are  used  to  enhance  the  corrosion  resistance  of  a  material.  The  process 
typkaUy  involves  the  use  of  a  hazardous  heavy  metal,  usually  a  chromate.  There  have  been  two 
major  efforts  documented  which  describe  alternatives  to  chromate  based  conversions  of 
aluminum  (Alodine*^).  One  effort  was  completed  by  Boeing  Aerospace  Corporation.  The 
technique  uses  a  cobalt-nitrite  based  conversion  rather  than  one  based  on  chromates.  A  second 
effort  has  been  completed  by  Hughes  Aircraft  Corporation.  They  have  developed  a  substitute 
for  MIL-C-5541.  The  use  of  chromates  pose  life  cycle  environmental  problems,  from  the 
conversion  process  to  disposing  of  the  treated  material.  The  difference  between  anodizing  and 
conversion  coating  is  that  anodizing  requires  an  electrified  bath  with  the  part  being  treated  acting 
as  the  anode  (hence  ‘'anod"izing).  Conversion  coating  is  done  without  electric  current  and  is 
done  on  entire  aircraft  surfaces. 

Passivation  is  a  process  done  to  iron  surfaces  to  make  them  "passive"  to  corrosion.  The  most 
common  methods  of  passivating  are  immersion  of  the  metal  in  nitric  acid  after  it  has  been  highly 
polished.  Other  methods  require  immersion  in  fuming  sulfuric  acid,  potassium  ferrocyanide,  or 
potassium  chromate  solution,  or  in  chromic  acid!  coating  with  a  manganese  dioxide  paint! 
cathodic  pickling  in  a  weak  acid  solution.  This  condition  of  passivity  is  temporary,  and,  thus  far 
has  been  of  doubtful  value,  except  for  stainless  steel  for  which  it  is  regularly  practiced.  * 
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19.  Refrigerants 


Ozone  Depleting  Substances  (ODSs)  used  in  refrigerant  applications  include: 

Class  I: 

CFC-11 

CFC-12 

CFC113 

CFC114 

CFC115 

CFC  500  (CFC  mixture) 

CFC  502  (CFC  mixture) 

Class  n: 

HCFC-22 

HCFC-123 

Alternatives: 

Chemicals  are  currentiy  being  used  or  considered  for  Class  I  and  Class  n  substances  as  alternative 
refrigerants.  The  suitability  X)f  an  alternative  depends  on  the  specific  application.  The  alternatives 
discussed  below  contain  information  from  EPA  studies  and  analysis  under  the  Significant  New 
Alternatives  Program  (SNAP)  and  the  Ozone  Depleter  Compliance  Guide.  Alternative 
refrigerants  include: 

HCFCs  -  Have  a  potential  role  as  transitional  refrigerants.  The  disadvantage  is  that  HCFCs 
contribute  to  the  destruction  of  stratospheric  ozone.  The  destruction  of  ozone  by  HCFCs  is  to  a 
much  lesser  extent  than  CFCs.  EPA  believes  the  alternative  use  of  HCFCs  will  have 
environmental  and  health  benefits  over  continued  use  of  CFCs  until  equipment  using  another 
alternative  is  available.  HCFCs  are  chemically  similar  to  CFCs  and  their  thermophysical 
properties  are  similar  to  CFCs.  In  some  instances,  equipment  designed  to  use  CFCs  can  be 
retrofitted  to  operate  with  CFCs.  Because  they  contain  hydrogen,  HCFCs  break  down  easier  in 
the  atmosphere.  Therefore,  HCFCs  have  lower  ozone  depletion  potential  than  CFCs.  Production 
of  HCFCs  is  controlled  by  the  Qean  Air  Act  and,  initially,  was  scheduled  to  be  phased  out  by 
2030.  EPA  may  propose  earlier  phase  out  for  some  of  the  HCFCs. 

HFCs  -  These  substances  do  not  contain  chlorine  and  do  not  contribute  to  destruction  of 
stratospheric  ozone.  HFCs  have  zero  ozone  depleting  potential;  however,  some  contribute  to 
global  warming.  HFC-134a  and  HFC-152a  hold  the  most  promise  as  current  available 
replacements  for  Class  I  and  Qass  n  refrigerants. 
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Ammonia  -  Has  been  used  in  vapor  compression  cycles  for  over  100  years.  Ammonia  is  used 
when  moderate  to  low  temperatures  are  required.  Ammonia  has  no  long-term  atmospheric 
drawbacks;  however,  ammonia  is  moderately  flammable  and  toxic,  but  is  not  a  cumulative  poison. 

Hydrocarbons  -  TTiese  substances  do  not  contribute  to  ozone  depletion  because  they  don't  contain 
chlorine  or  bromine  propane  Ethane  and  butane  are  used  as  refrigerants  in  specialized  industrial 
applications.  Existing  standards  limit  the  use  of  flammable  refrigerants  in  many  applications. 

Perfluorocarbons  (PFCs)  -  PFCs  are  fully  fluorinated  compounds,  unlike  CFCs,  HCFCs,  or  HFCs. 
The  primary  enviroim^ntal  characteristics  of  concern  for  PFCs  is  that  they  have  extremely  long 
atmospheric  lifetimes,  often  orders  of  magnitude  longer  than  CFCs.  Long  lifetimes  cause  the 
PFCs  to  have  very  high  global  warming  potentials.  Technology  for  containment  and  recycling  of 
PFCs  is  commercially  available  and  is  recommended  to  offset  possible  adverse  environmental 
effects.  PFCs  do  not  contribute  to  atmospheric  ozone  depletion.  These  chemicals  are  essentially 
non-toxic,  non-flammable,  and  are  exempt  from  federal  volatile  organic  compound  regulations 
since  they  do  not  contribute  to  ground  level  ozone  formation.  Due  to  global  warming  concerns, 
EPA  has  found  only  certain  narrowly  defined  uses  of  PFCs  to  be  acceptable.  Any  use  of  PFCs 
should  be  coordinated  with  EPA  for  possible  submittal  for  review  and  approval  under  SNAP. 

Absorption  Refrigeration  Systems  -  These  systems  are  the  only  major  existing  alternatives  to 
systems  which  are  based  on  vapor  compression  cycles.  Ammonia  is  sometimes  used  in  absorption 
refrigeration  and  air  conditioning  systems. 

New  Technology  -  Will  be  identified  as  a  result  of  SNAP. 
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20.  Sterilants 


CFC-12  is  widely  used  in  applications  to  sterilize  medical  equipment  and  devices.  CFC-12  is 
primarily  used  as  a  dilute  agent  in  a  12%  ethylene  oxide  (EtO)  mixture.  EtO  is  the  active 
sterilant  in  this  mixture  —  conunonly  referred  to  as  "12/88."  Pure  ethylene  oxide  is  not  widely 
used  due  to  its  hazardous  characteristics:  flammability  and  toxicity  (caicmogenicity).  12/88  has 
widespread  use  in  hospitals  and  accounts  for  approximately  95%  of  all  sterilization  of  medical 
equipment 


There  arc  several  alternatives  available  for  the  12/88  sterilant  mixture,  however,  none  possess 
the  "universal  applicability"  of  12/88.  Such  alternatives  may  be  incompadble  with  many 
materials  now  sterilized  by  12/88,  and  they  will  have  to  be  tested  on  a  case  by  case  basis. 

Various  halocarbon  substitutes  have  been  proposed  as  viable  substitutes  for  CTC-12  in  EtO 
blends.  These  chemicals  arc  mainly  hydrochlorofluorocarbons  (HGFCs)  or  hydrofluorocarbons 
(HFCs).  The  properties  of  these  proposed  alternatives  make  them  virtual  drop-in  substitutes  for 
CFC-12  in  the  12/88  mixture.  The  following  chemicals  have  been  proposed  as  alternatives: 

HCFC-123 

HCFC-124 

HFC-125 

HCFC-141b 

HFC-134a 

HFC-227ea 

Presently,  only  HCFC-124  and  HFC-227ea  have  been  proposed  as  near-term  candidates  for 
replacing  CFC-12  as  diluents  in  the  12/88  mixture.  Only  HCFC-124  has  been  approved  as  a 
substitute  in  the  EPA's  Significant  New  Alternative  Program  (SNAP)  regulations. 

Other  alternative  sterilizing  processes  which  can  be  used  include: 

CO2  as  diluent  in  "10^0"  blend  with  EtO.  Requires  higher  operating  pressures. 

Steam  sterilizers.  This  alternative  is  only  for  materials  that  can  resist  high  temperatures. 

Gamma  radiation 

Peracetic  acid 

Glutaraldehyde 

Chlorine  Dioxide 

Gaseous  Ozone 

Vapor-Phase  Hydrogen  Peroxide 
Ionized  Gas  Plasma 
Pure  Ethylene  Oxide 

Remember,  many  of  the  above  alternatives  may  adversely  affect  the  equipment  or  materials 
currently  using  12/88  as  a  sterilant  Each  individual  sterilant  or  sterilizing  process  will  have  to 
be  tested  on  a  case  by  case  basis  to  ensure  compatibility.  In  addition,  all  of  the  above 
alternatives  will  require  equipment  or  technical  process  changes. 
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21.  Other  (Deicing,  Munitions,  LOX,  etc.) 

DsidllS*  The  Wright  Laboratory  and  NASA  Ames  are  currently  conducting  joint  development 
and  testing  of  non-glycol  based  runway  and  aircraft  deidng/anti-icing  chemicals.  Successful 
candidates  must  meet  minimum  performance  with  regards  to  environmental/toxicology, 
deicing/anti-icing  performance  and  materials  compatibiliQr. 

A  more  common  application  of  deicing  is  the  use  of  anti-£reeze  in  cars,  trucks,  and  system 
equipment  Nearly  all  types  of  anti-freeze  are  ethylene  glycol  with  rust  inhibitors.  TTiere  are  few 
alternatives,  but  there  is  relatively  inexpensive  equipment  commercially  available  to  recycle  the 
anti-freeze  indefinitely.  Recycling  is  the  best  method  of  reducing  hazardous  waste  generation. 

Mwititions*  At  present,  there  is  no  viable  demilitarization,  disposal  or  recycle  process  for  reactive 
friagment  explosive  mixtures  or  depleted  uranium  munitions.  Environmental  work  in  this  area  is 
being  proposed  by  the  Wright  Laboratory.  There  is,  however,  a  new  recycling  process  to  reclaim 
solid  rocket  fuel 

£21^:  An  environnrentally  acceptable  chaff  substitute  material  based  on  fiber  forming  polymers 
that  ate  ultraviolet  degradable,  biodegradable  or  digestible  (by  animals)  is  being  investigated. 
These  materials  include: 

gelatin; 
polyactic  acid; 
stabilized  polypropylene; 
cellulose;  and 
wheat  starch. 

These  alternatives  are  not  yet  available  for  use. 

Ligiwd.Qxvgen  Equipment  fLOX>:  Oxygen  equipment  has  extremely  sensitive  cleaning  standards. 
All  oxygen  equipment  is  being  cleaned  with  CFC-113  and  TCA.  The  Navy  is  aggressively 
searching  for  approved  substitutes  for  cleaning  oxygen  equipment.  Aqueous  cleaning  combined 
with  ultrasonics  looks  favorable. 

HongygQmb*  The  manufacture  and  repair  of  honeycomb  structures  requires  high  quality  surface 
prep  cleaning  prior  to  bonding.  Presently,  these  processes  use  TCA  and  CFC-113.  There  are 
several  projects  on-going  at  SM-ALC  to  test  alternatives. 
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Appendix  -  Hazardous  Material  Alternatives  Listing 


This  is  an  AFMC  list  of  processes  that  use  products  containing  hazardous  material  and  potential 
non-hazardous  alternatives  with  points  of  contact  for  more  information.  TTus  listing  is  intended  to 
be  used  as  a  starting  point  in  your  search  for  alternatives.  The  inclusion  of  a  product  on  this  list  is 
not  intended  to  endorse  its  use  or  imply  that  adequate  testing  has  been  accomplished.  The 
identification  of  acceptable  substitutes  will  depend  upon  the  critical  part  and  process 
characteristics  of  each  specific  application.  The  manager(s)  of  the  end  item(s)  or  weapon 
system(s)  must  consider  performance,  materials  compatibility,  and  other  factors  in  selecting  the 
best  alternative. 

ASC/EM  has  reviewed  this  listing  and  included  recommendations  on  each  of  the  alternatives.  The 
column  labeled  "ASC"  contains  a  code  R,  E,  or  N  which  means: 

"R"  -  ASCyEM  recommends  alternative  for  SPO  evaluation. 

"E"  -  Alternative  requires  ASC/EM  evaluation. 

"N"  -  Not  approved  by  ASC/EM  for  ASC  applications. 
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7.0  Summary 


At  the  commencement  of  this  effort  we  had  hoped  to  clearly  define  three  or  four  viable 
options  to  TCA  for  NDI  applications.  Three  or  four  alternatives  are  contained  within  the 
listing  of  alternatives  in  Sections  3  and  4.  However,  the  only  truly  acceptable  alternatives  must 
be  derived  empirically  by  testing  the  article  of  a  specified  configuration  with  specified 
alternative  solvent.  Although  no  clear  drop  in  replacement  for  TCA  exists,  the  wide  variety  of 
alternatives  solvents  provide  an  adequate  supply  such  that  an  adequate  replacement  can  be 
obtained  in  most  cases. 
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Section  3: 


Downsizing  of  Alternatives  Through  Initial  Testing 
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The  comprehensive  listing  of  candidate  cleaners  for  adhesive  bonding  and  NDI  revealed  more 
cleaners  than  could  possibly  be  tested  within  the  time  constraints  of  this  program.  Therefore,  both 
lists  were  shortened  based  upon  a  variety  of  performance  and  environmental  factors.  ARL-MD 
contracted  R^sselaer  Polytechnic  Institute  (RP^O  to  perform  most  of  the  initial  qualification  testing. 
The  University  of  Connecticut  was  also  contracted  to  perform  auger  and  x-ray  photoelectron 
spectroscopy  (XPS)  of  the  cleaners.  These  reports  are  included  within  this  section. 

The  candidates  for  cleaning  prior  to  adhesive  bonding  were  compared  against  the  requirements 
of  MIL-C-87937  Rev  A  and  B.  These  tests  included  residue  rinsibility,  water  break  free, 
unacceptable  materials,  pH  value,  cold  stability,  heat  stability,  cleaning  efficiency,  hard  water 
stability,  biodegradability,  flash  point,  and  volatility.  In  addition,  the  alternative  chemical 
compositions  were  checked  against  the  EPA  Hazardous  Materials  Cross  Index,  and  the  overall 
cleaning  ability  of  the  candidates  were  tested  with  the  surface  analysis  techniques  of  auger  electron 
spectroscopy  (AES)  and  XPS,  which  was  performed  by  die  University  of  Connecticut  in  Storrs,  CT. 
The  results  of  the  XPS  testing  are  contained  at  the  end  of  this  section.  The  candidates  for  cleaning 
prior  to  NDI  were  more  difficult  to  screen.  There  existed  a  Qualified  Products  Listing  (QPL)  for  the 
inspection  penetrant  materials,  MIL-T-25135;  a  liquid  penetrant  standard  for  the  process,  MIL- 
STD-6866;  and  a  Federal  specification  for  solvents,  P-D-680.  However,  due  to  the  intricacies 
inherent  to  the  processes,  concern  remained  about  interactions  between  the  pre-cleaner,  the  QPL 
penetrants,  and  their  removers.  With  Class  1  ODC  solvent  removers  taken  off  the  QPL  due  to  their 
ozone-depleting  effects.  Class  2  solvent  removers  were  the  obvious  choice  for  replacement.  Since 
Class  2  solvent  removers  do  not  have  the  same  characteristics  of  Class  1  solvent  removers,  certain 
aspects  of  the  inspection  process  must  be  altered  to  achieve  the  same  results.  This  work  investigated 
the  feasibility  of  utilizing  compliant  solvents  categorized  as  a  maximum  of  Class  2  ODC  during  the 
NDI  process  in  an  attempt  to  replace  the  widely  accepted  qualities  of  1,1,1  trichloroethane.  The 
reports  generated  on  results  of  the  screening  testing  performed  by  RPI  and  UCONN  as  well  as  the 
testing  procedures  are  presented  on  the  following  pages. 
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The  purpose  of  the  research  effort  was  to  determine  feasible  replacements  for  1,1,1  trichloroethane 
with  respect  to  cleaning  prior  to  adhesive  bonding  and  Non-Destructive  Inspection.  Some 
individual  alternatives  had  compatibility  difficulties  with  some  of  the  testing  procedures  and  were 
therefore,  not  tested  against  all  screening  tests.  Some  cleaners  were  tested  at  the  direction  of  the  US 
Army  Research  Laboratory  -  Materials  Directorate  in  Watertown,  MA. 

TESTS 

The  following  tests  were  performed  to  qualify  the  alternatives  according  to  the  military 
specification  Mil-C-87937  A  and  B. 

•  Residue  Rinsibility 

•  Water  Break  Free 

•  Unacceptable  Materials 

•  pH  Value 

•  Cold  Stability 

•  Cleaning  Efficiency 

•  Hard  Water  Stability 

•  Biodegradability 

•  Flash  Point 

•  Heat  Stability 

•  Volatility 


In  addition  to  these  tests,  the  compounds  contained  within  the  alternatives  were  checked  against  the 
EPA  Hazardous  Materials  Chemical  Cross  Index,  and  an  Auger  analysis  was  performed  to  rank  the 
cleaning  efficiency  of  the  alternatives.  Each  individual  testing  procedure,  and  the  results  are 
described  below.  Each  cleanser  was  prepared  according  to  the  manufacturer’s  direction  for  use 
dilution  utilizing  standard  tap  water.  For  each  test  that  required  further  dilution,  de-ionized  water 
was  utilized.  Thus,  a  concentrated  solution  as  written  in  Mil-C-87937  is  the  use  dilution  stated  by 
the  manufacturer.  A  diluted  sample  as  stated  by  Mil-C-87937  was  prepared  by  mixing  the  use 
dilution  with  the  de-ionized  water  unless  otherwise  noted. 

The  following  two  compounds  were  required  for  more  than  one  test.  Therefore,  they  are  listed  here 
to  avoid  redundancy: 

M0S2  Grease:  molybdenum  disulfide  grease  was  prepared  by  blending  M0S2  with  KSL 
performance  grease  from  Keystone  Lubricants  Inc.  (MIL-G-8I322  or  MIL-G-21 164).  The  cleaning 
efficiency  test  required  adding  carbon  black  according  to  Mil-C-87937  and  thorough  mixing  with  a 
mechanical  grease  worker.  For  the  Auger  testing,  the  grease  without  carbon  black  was  mixed  with 
Mobil  25  hydraulic  fluid  (MIL-H-83282)  at  a  ratio  of  two  parts  hydraulic  fluid  to  one  part  grease. 

Hard  Water :  Reagent  grade  calcium  acetate  [Ca(C2H3O20)2*2H2O]  was  mixed  with  reagent  grade 
magnesium  sulfate  |MgS04*7H20]  and  1  liter  de-ionized  water,  according  to  the  Mil-C-87937. 
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Residue  Rinsibility 

10  ml  of  a  25%  by  volume  solution  of  each  cleanser  in  standard  hard  water  was  placed  in  three 
Fisher  57  mm  aluminum  weigh  pans.  The  dishes  were  dried  for  7.5  hours  in  a  circulating  oven  at 
68  +  2  °C.  After  drying  the  dishes  were  placed  in  a  desiccator  and  cooled  overnight.  The  dishes 
were  weighed,  rinsed  under  running  de-ionized  water  for  one  minute,  then  brushed  in  a  cleansing 
fashion  with  a  sash  type  brush  for  one  minute.  The  dishes  were  then  placed  in  an  oven  for  another 
7.5  hours,  cooled  in  a  desiccator,  and  re-weighed.  10  ml  of  a  standard  hard  water  solution  in  each 
of  the  three  dishes  was  utilized  as  a  basis  for  comparison.  The  average  weight  change  of  the 
aluminum  dishes  containing  cleanser  was  recorded  and  compared  to  that  of  the  hard  water.  Any 
changes  in  appearance  of  the  dishes  were  also  noted. 

A  pass  indicates  that  the  cleanser  left  less  residue  than  the  hard  water,  as  well  as  having  no 
detrimental  effects  on  the  appearance  of  the  dishes.  A  pass  with  color  change  (PC  on  the  data 
sheet)  indicates  that  less  cleanser  residue  remained ,  however,  the  appearance  of  the  aluminum  dish 
was  altered.  The  extent  of  the  change  is  noted  in  the  data  for  this  test.  If  the  cleanser  residue 
weighed  more  than  that  of  the  hard  water  the  cleaner  failed  this  test. 

Water  Break  Free 

Mica  blanks  having  a  minimum  ASTM  quality  of  V6  as  described  in  Specification  DMI  351  were 
utilized  to  test  for  contaminants  in  the  equipment.  The  mica  was  cleaved  on  both  sides,  exposing 
fi’esh  mica  surface.  The  sheet  was  then  dipped  in  the  test  container  overflowing  with  de-ionized 
water  and  vertically  withdrawn.  The  time  for  the  water  layer  to  break  was  then  measured.  1,1,1 
richloroethane  was  then  tested  to  obtain  a  testing  base.  Aluminum  plates  of  dimension  1  inch  by  2 
inches  were  cleaned  with  standard  1,1,1  trichloroethane,  dipped  into  a  container  overflowing  with 
de-ionized  water,  and  withdrawn  vertically.  The  time  for  the  water  to  break  was  then  recorded.This 
procedure  was  repeated  for  each  alternative  cleaner,  cleaning  the  aluminum  plates  with  1,1,1 
trichloroethane  after  each  use.  The  test  was  considered  successful  if  the  draining  water  remained  as 

a  thin  film  over  the  surface  without  breaking  for  one  minute  after  removal  from  the  overflow 
container. 

Unacceptable  Materials 

The  constituents  of  each  alternative  were  checked  against  the  following  listing  of  unacceptable 
materials.  If  the  solution  had  a  component  from  Section  A,  it  was  considered  a  failure.  If  the 
solution  had  a  component  from  Section  B,  it  failed  unless  the  component  was  considered  an 
essential  active  ingredient.  The  sections  are  defined  as  follows; 

Section  A 

•Hazardous  compounds  as  defined  by  CFR  261 

•Chemicals  currently  listed  as  known  carcinogens  as  part  of  NTP 

•Abrasives 

•Chromates 

•Cadmium 
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•Lead 

•Mercury 

•Phenols 

•Cresols 

•Ketones 

•Chlorinated  Compounds 
•Ozone  Depleting  Substances 

Section  B 

•Sodium  Chloride 
•Urea 

•Sodium  Sulfate 

•Nitrates 

•Nitrites 

•Sucrose  or  any  Sugars 


pH  Value 

The  standard  pH  of  each  cleaner  was  measured  in  concentrated  form  utilizing  a  standard  pH  meter 
and  there  respective  values  were  recorded. 

Cold  StabiUty 

50  ml  of  each  alternative  cleaner  was  placed  in  a  test  tube  and  cooled  to  0  °C  and  maintained  at  that 
temperature  for  one  hour.  The  tube  was  then  allowed  to  reach  room  temperature  and  then  re-cooled 
to  0  °C.  This  cycle  of  cooling  and  warming  was  repeated  a  total  of  five  times.  At  the  end  of  the 
fifth  cycle,  the  cleaners  were  examined  for  homogeneity,  allowing  for  a  slight  turbidity  provided  no 
precipitate  was  present. 

Cleaning  ElEBciency 

Control  Formula:  The  control  formula  utilized  in  the  cleaning  efficiency  test  was  prepared  by 

mixing  30  wt  %  d-limonene,  5  wt.  %  diethanolamine,  5  wt  %  Triton  X-100  (  a  non-ionic 
surfactant),  and  60  wt  %  de-ionized  water. 

Preparation  of  Test:  The  panels  were  cleaned  with  reagent  grade  acetone  utilizing  a  clean  tissue, 
dried  to  constant  weight,  and  weighed  to  the  nearest  0.1  mg.  Subsequently,  200  mg.  of  the  standard 
contaminant  grease  was  applied  with  a  bristle  brush  over  a  2  x  7  inch  area  in  the  center  of  the  panel. 
Excess  soil  was  removed  by  covering  the  panel  with  an  absorbent  tissue  and  rolling  a  five  pound 
Nylon  cylinder  over  the  tissue.  This  blotting  was  performed  twice,  then  the  panels  were  baked  at 
105  ±  5  °C  for  one  hour.  The  panels  were  cooled  to  room  temperature  and  utilized  within  four 
hours.  Only  panels  with  more  than  50  mg.  of  contaminant  were  accepted. 
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Cleaning:  Each  candidate  was  diluted  with  one  part  cleaner  to  nine  parts  de-ionized 

water.Subsequently,  100  Ml  of  dilution  was  applied  to  a  cellulose  sponge,  then  to  the  soiled  test 
panel  so  it  was  completely  covered  with  solution.  After  30  seconds  dwell  time,  the  test  panel  was 
cleaned  with  de-ionized  water,  then  heated  to  105  +  5  °C  for  ten  minutes.  After  cooling  to  room 
temperature,  the  panels  were  weighed  to  the  nearest  0.1  mg.  The  cleaning  efficiency  was  reported 
as  the  average  of  three  tests  compared  to  the  control  formula  as  follows: 


where:  a  =  weight  of  soiled  panel  before  cleaning  with  product 

b  =  weight  of  soiled  panel  after  cleaning  with  product 
c  =  weight  of  unsoiled  panel  used  with  test  cleaner 
X  =  weight  of  soiled  panel  before  cleaning  with  control  cleaner 
y  =  weight  of  spoiled  panel  after  cleaning  with  control 
z  =  weight  of  unsoiled  panel  used  with  control 


O')  Materials  Compatibilit 


In  addition  to  the  alternatives  fimctional  ability  as  cleaners,  they  must  also  not  react  adversely  with 
the  materials  upon  which  they  are  being  utilized.  A  series  of  materials  compatibility  tests  were 
performed  widi  commonly  bonded  Army  aviation  materials.  The  materials  included  7075-T6 
Aluminum,  Ti-6A1-4V,  AM-355  stainless  steel,  Maraging  C-250  steel,  PH  13-8  steel,  and  4340 
steel.  The  compatibility  tests  performed  on  these  materials  included  Total  Immersion  Corrosion 
ASTM-F-483,  Effects  on  Unpainted  Surfaces  ASTM-F-485,  Sandwich  Corrosion  ASTM-F-1110, 
Hydrogen  Embrittlement  of  Cadmium  Plated  Steel  ASTM-F-519,  and  Stress  Corrosion  utilizing 
various  ARP  and  ASTM  specifications  as  guidelines. 


Hard  Water  Stability 


Five  ml  of  a  25%  by  volume  dilution  of  each  cleaner  was  added  to  45  ml  of  standard  hard  water. 
Each  solution  was  well  mixed  and  allowed  to  rest  undisturbed  for  24  hours.  Each  cleanser  was  then 
visually  examined  for  precipitation.  The  turbidity  of  the  cleaners  was  measured  iitiliTi'ng  a  Hach 
model  18900  Ratio  Turbidimeter.  The  units  measured  are  found  by  utilizing  the  Nephelometric 
method  for  determining  turbidity,  and  are  abbreviated  as  NTU’s  for  Nephelometric  Turbidity  Units. 
The  turbidity  of  the  cleaners  was  determined  by  the  average  of  three  test,  each  test  calculated  as  the 
following: 


3-11 


where: 


NTU  = 


Ax{B  +  C) 
C 


A  =  NTU  found  in  the  diluted  sample 
B  =  Volume  of  dilution  water,  ml 
C  =  Sample  volume  taken  for  dilution,  ml 

Biodegradability 

The  supplier  of  the  cleaner  compound  shall  furnish  certification  that  the  surfactants  are  readily 
biodegradable  in  accordance  with  40  CFR,  part  796,  subpart  D. 

Flash  Point 

The  flash  point  of  each  candidate  cleaner  was  determined  by  the  manufacturer  and  was  recorded 
from  the  Material  Safety  Data  Sheets  (MSDS). 

Heat  Stability 

Steel  strips  conforming  to  Mil-S-7952  were  abrasively  polished  to  remove  scale  and  corrosion,  then 
immersed  in  P-D-680  for  one  minute  followed  by  one  minute  iimnersion  in  TT-I-735  grade  A 
isopropyl  alcohol.  The  cleaning  compound  was  placed  into  each  bottle  according  to  Mil-C-87937. 
One  bottle  was  sealed  with  a  screw  type  cap  and  stored  in  a  dark  place  at  standard  conditions  for  6 
days  (144  hours).  The  steel  strip  was  then  placed  into  the  second  bottle  of  solution  and  shaken 
thoroughly  for  one  minute.  The  bottle  was  maintained  at  46  +  2  °C  for  five  hours  in  a  water  bath. 
Once  removed,  the  hottle  was  allowed  to  cool  for  19  hours.  The  steel  strip  was  then  removed  and 
inspected.  Any  pitting,  corrosion,  or  discoloration  constituted  failure.  The  bottle  was  resealed  and 
shaken  for  one  minute.  It  was  then  placed  back  into  the  oven.  This  cycle  was  repeated  five  times. 
Any  marked  change  in  color,  precipitation,  layering,  or  separation  constituted  failure. 

Volatmty 

The  comparative  weight  loss  of  a  10  %  by  volume  solution  of  each  cleaner  to  distilled  water  was 
recorded  by  exposing  two  petri  dishes  to  a  draft  free  atmosphere  for  one  hour.  One  petri  dish  was 
filled  with  cleanser,  the  other  with  distilled  water.  A  ‘p’  indicates  that  the  volatility  was  less  than 
distilled  water,  an  T  constituted  the  contrary. 

Auger  Analysis 

An  auger  analysis  was  performed  to  determine  how  well  the  cleaners  worked  on  a  microscopic 
basis.  The  test  panels  were  1  cm  x  1  cm  aluminum  squares.  The  panels  were  cleaned  ultrasonically 
with  1,1,1  trichloroethane  and  dried.  They  were  then  covered  with  the  grease  prepared  for  this  test 
and  baked  at  130  °C  for  two  hours.  The  samples  were  then  cleaned  ultrasonically  with  each  of  the 
alternative  cleaners.  The  manufacturer’s  suggested  temperature  was  utilized  when  provided. 
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otherwise  room  temperature  was  used.  The  results  were  reported  as  a  percentage  of  element 
detected  compared  to  1,1,1  trichloroethane.  The  more  aluminum  and  the  less  carbon,  the  more 
effective  the  cleaner.  The  results  listed  on  the  summary  data  sheet  rank  the  performance  of  the 
individual  cleaners. 

EPA  Cross  Index  Listing 

The  constituents  of  the  cleaners  were  checked  against  the  EPA  Hazardous  Materials  Chemical 
Cross  Index.  If  any  of  the  constituents  are  indicated  on  this  listing,  it  was  noted  by  check  mark  on 
the  data  summary  sheet.  This  listing  summarizes  recent  development  in  compounds  that  are 
currently  being  restricted  or  have  a  potential  for  future  restriction.  A  listing  of  this  cross  index  can 
be  found  in  Appendix  E. 


Results: 


The  data  acquired  is  presented  on  the  following  pages.  The  testing  procedures,  conditions,  and 
parameters  utilized  were  all  developed  in  conjunction  with  ARL-MD.  In  addition,  ARL-MD 
assisted  in  data  acquisition  and  analysis  of  the  results.  A  summary  of  the  results  can  be  found  in 
tabular  form  at  the  end  of  the  section. 
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Residue  Rinsibility 
Summary  Data 


key  to  comments: 

a  heavy 
b  moderate 
c  light 
d  sides 
f  film 
p  spots 


§  Sample  # 


HW1 

HW2 

HW3 


1  a 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


3  a 
b 
c 


4  a 
b 
c 


2nd  4  a 
b 
c 


5  a 
b 


heavy  s  stripes 

moderate  g  gray 

light  w  white 

sides  y  yellow 

film  I  liquid  after  first  dry 

spots  r  rainbow 

shaded  areas  represent  chemicals  not  received 
solvents  not  tested 


weight  of 
dish  only 

(g) 

weight  after 
first  drying 

(g) 

weight  of 
1st 

residue 

(g) 

weight 
after 
second 
drying  (g) 

0.9924 

0.9989 

0.0065 

0.9937 

0.9937 

0.9997 

0.0060 

0.9954 

0.9966 

1.0020 

0.0054 

0.9969 

0.9925 

1.0309 

0.0384 

0.9951 

0.9927 

1.0321 

0.0394 

0.9956 

0.9952 

1.0344 

0.0392 

0.9985 

0.9967 

1.0130 

0.0163 

0.9964 

0.9902 

1.0246 

0.0344 

0.9907 

0.9932 

1.0268 

0.0336 

0.9929 

0.9951 

1.0434 

0.0483 

0.9944 

0.9939 

1.0565 

0.0626 

0.9928 

0.9953 

1.0279 

0.0326 

0.9948 

0.9961 

1.0110 

0.0149 

0.9965 

0.9896 

1.0073 

0.0177 

0.9907 

0.9929 

1.0074 

0.0145 

0.9929 

0.9988 

1.1844 

0.1856 

1.0026 

0.9932 

1.1812 

0.1880 

0.9985 

0.9960 

1.1810 

0.1850 

0.9968 

0.9913 

1.0201 

0.0288 

0.9926 

0.9904 

1.0183 

0.0279 

0.9906 

0.9937 

1.0223 

0.0286 

0.9937 

2nd  18  a 
b 


weight 
of  2nd 
residue 

(g) 


0.0013 


0.0017 


0.0003 


0.0026 


0.0029 


0.0033 


0.0005 


-0.0003 


-0.0007 


-0.0011 


-0.0005 


0.0004 


0.0011 


0.0 


0.0038 


0.0053 


0.0008 


0.0013 


0.0002 


0.0 


pass  commen 
average  i=ye  ts 
weight  s0=n 
change  q 
(mg) 


0.9984  1.39601  0.39761  0.99921  0.0008 


0.9932  1.0338  0.0406  0.9942  0.0010 


0.9930  1.0331  0.0401  0.9929  -0.0001 


0.9976 


0.9906 


0.9958 


0.9943 


0.9950 


0.9918 


1.0646 


1.0563 


1.0575 


1.0593 


1.0587 


1.0594 


0.0670 


0.0657 


0.0617 


0.0650 


0.0637 


0.0676 


0.9974 


0.9906 


0.9922 


0.9948 


■iltliliVJI 


0.0 


-0.0036 


0.0005 


0.99401  -0.0010 


0.9923  0.0005 
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Residue  Rinsibility 
Summary  Data 
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(g) 
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average 
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change 

(mg) 

pass 
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s  0=n 

0 

commen 

ts 

■ 

19  a 

n 

b 

■ 

c 

D 

20  a 

0.9950 

2.7596 

1.7646 

0.9942 

-0.0008 

1 

b 

0.9945 

2.7616 

1.7671 

0.9948 

0.0003 

0.10 

1 

i 

■ 

c 

0.9925 

1.6906 

0.9933 

0.0008 

i 

D 

23  a 

1.4674 

0.4699 

0.9988 

0.0013 

cwf 

■ 

b 

0.9917 

1.4602 

0.4685 

0.9940 

0.0023 

1.67 

0 

awf 

■ 

c 

0.9956 

0.4864 

0.9970 

0.0014 

wp 

□ 

23.1  a 

1.4696 

0.4751 

1.0220 

0.0275 

cwf 

b 

0.9957 

1.4660 

0.4703 

1.0013 

0.0056 

12.97 

0 

cwf 

■ 

c 

0.9985 

1.4824 

0.4839 

0.0058 

H 

24  a 

0.9927 

1.0282 

0.0355 

0.9931 

0.0004 

11 

b 

0.9939 

1.0315 

0.0376 

0.9975 

0.0036 

1.63 

0 

■ 

c 

0.9941 

1.0291 

0.0350 

0.9950 

0.0009 

H 

2nd  24  a 

0.9941 

1.0333 

0.0392 

0.9965 

0.0024 

H 

b 

0.9913 

1.0310 

0.0397 

0.9907 

-0.0006 

0.60 

1 

p 

■ 

c 

0.9929 

1.0401 

0.0472 

0.9929 

0.0 

D 

24.1  a 

0.9945 

1.0580 

0.0635 

0.9947 

0.0002 

rs 

11 

b 

0.9899 

1.0571 

0.0672 

0.9895 

-0.0004 

-0.13 

1 

rs 

■ 

c 

1.0 

1.0654 

0.0654 

0.9998 

-0.0002 

rs 

D 

2nd  24.1  a 

0.9961 

1.0726 

0.0765 

1.0003 

0.0042 

ws 

11 

b 

0.9919 

1.0673 

0.0754 

0.9949 

0.0030 

3.80 

0 

ws 

■ 

c 

0.9935 

1.0680 

0.0745 

0.9977 

0.0042 

ws 

■ 

25  a 

■ 

b 
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Residue  Rinsibility 
Summary  Data 
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Residue  Rinsibility 
Summary  Data 
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Cleaning  Efficiency 
Summary  Data 
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Auger 

Summary  Data  Sheet 
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Volatility 
Summary  Data 
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I.  SUMMARY  ON  XPS. 


X-ray  photoelectron  spectroscopy  (XPS)  is  summarized  on  the  next  few 
pages.  In  addition,  we  have  included  general  information  about  surface  analysis 
and  the  details  of  our  specific  surface  instrumentation.  Finally,  a  summary  of  the 
conditions  that  were  used  for  XPS  analyses  is  given. 

Any  questions  regarding  this  summary  or  any  part  of  this  report  may  be 
addressed  by  either  Steven  L.  Sulb,  University  of  Connecticut,  Storrs,  CT, 
06269-3060,  (203)  486-2797  or  486-0502,  (203)  486-2981  (FAX)  or  Dr.  William 
S.  Willis,  University  of  Connecticut,  Storrs,  CT,  06269-3060,  (203)  486-3223  or 
486-0502,  or  486-471 9  or  3434,  (203)  486-2981  (FAX). 
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This  handout  is  to  advise  users  and  potential  users  of  the  Surface 
Science  Facility  what  the  capabilites  are  of  various  surface  science  soec- 
trometers  at  the  University  of  Connecticut.  The  basic  principles  of  each 
spectroscopic  method  will  be  discussed.  This' handout  is  not  meant  as  a 
substitute  for  training  to  learn  to  use  the  spectrometers  or  for  data  inter¬ 
pretation  but  as  a  starting  point. 

Specific  details  concerning  the  policies,  operator  training,  user 

fees,  and  data  manipulation  can  be  obtained  from  the  Technical  Director  at 
(203)  486-3434. 


Areas  of  Application: 
Biology 

Chemical  Engineering 
Chemistry 
Industrial 
Materials  Science 


Metallurgy 

Physics 


-  Toxicity,  Artificial  Life  Sustaining  Devices 

-  Catalysis 

-  Chemical  Bonding,  Semiconductors 

-  Microelectronics,  Polymers 

-  Polymers,  Interfaces 

-  Corrosion,  Adsorption 

-  Deni sty  of  States,  Alloys 
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I.  Available  Equipment 

1.  One  combined  Auger,  X-ray  photoelectron,  secondary  ion  mass  spectro¬ 
meter,  ion  scattering  spectroscopy  system  with  a  preparatory  chamber 
and  a  catalysis  chamber. 

Catalysis  chamber  T  -►  Room  T  to  650®C 

P  -►  Atmospheric  to  10  atm. 

Analysis  Chamber  Mg/Al  Ka  X-ray  Anode 

Static  Auger 

Differentially  Pumped  Ion  Gun 
Electron  Flood  Gun 
Quadrupole  Mass  Spectrometer 
Hemispherical  Analyzer 
Base  Pressure  *  1x10"^®  mbar 

2.  One  combined  X-ray  photoelectron,  ion  scattering  spectroscopy  system. 

Preparatory  Chamber,  Atmospheric  -►  UHV 
Mg  Ka  X-ray  anode 
Hemispherical  Analyzer 
Penning  Ion  Gun  for  Etching 
Residual  Gas  Analysis 
Heatable-Cool able  Rod  -190®C  -►  450®C 
Angular  Resolved  XPS  Capability 
Temperature  Programmed  Desorption 
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3.  Instrumental  Parameters,  for  UCONN  Surface  Science  Facility. 


XPS 

MS. 

ISS 

SIMS 

Spot  sizes 

1 .5  cm 

0.5  mm 

0.5  mm 

0.5  mm 

diameter 

diameter 

diameter 

diameter 

circle 

circle 

circle 

circle 

Area  Analyzed 

1  cm  X  1mm 

1  cm  X  Imm 

1  cm  X  1mm 

variable 

Resolution 

FWHM*0.7eV 

0.4eV 

FWHM»14eV 

1 

MgKa 

3  Kv  e~beam 

using  Ne^^ 

2-500  m/e  range 

Au 

Au 

Cs 

Operating  Pressure 

_Q 

5x10  mbar 

_Q 

5x10  mbar 

lxl0“^mbar 

1xl0"^mbar 

Sample  Rods 

1.  4  sided,  nonheatable 

2.  2  sided,  oil  cooled,  resistively  heated 

3.  Coolable,  to  liquid  nitrogen  temperature 
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II.  Experimental  Techniques 
AES 


1 

■j 

AUGER  ELECTRON  SPECTROSCOPY 
Incoming  Particle  -  electron  beam 
Detected  Particle  -  secondary  electrons 


t 


e"  beam 
\ 


Auger  electron 

L, 


■©- 


Auger  KLL  transition 


i 


In  the  Auger  process  an  e"  beam  is  used  to  eject  core  level  (K) 
electrons  from  a  solid  sample.  A  vacancy  is  left  in  this  level  and  is 
filled  by  an  e"  in  an  upper  level  (Lg).  There  Is  excess  energy  associated 
with  this  deexcitation  and  this  can  be  given  to  an  e"  In  an  upper  level  L3. 
If  the  e"  Is  close  enough  to  the  surface  of  the  solid  it  can  escape  the 
material  as  a  secondary  electron  (an  Auger  electron).  The  Auger  electron 
has  an  energy  related  to  the  atom  it  came  from.  The  signal  is  derivatized 
to  accentuate  the  transition.  A  good  reference  book  for  identifying  Auger 
transitions  is  the  Phi  Manual  of  Auger  Electron  Spectroscopy^.  Other  refer¬ 
ences  concerning  AES  are  available.^'^ 


3-52 


A  depth  profile  of  a  N1A1  alloy  was  determined  by  Ion  etching  and 
co-llectlng  Auger  spectra.  An  Auger  spectrum  In  the  nickel  region  Is  shown 
below  In  Figure  (a).  The  depth  profile  Is  given  In  Figure  (b)  and  shows 
that  the  surface  of  the  alloy  Is  oxygen  rich.  Such  Information  Is  useful 
for  adsorption  and  corrosion. 
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AES 

Sample  Considerations 

Insulators  -  charging  problems 

Thin  films,  powders,  crystals,  interfaces 

Should  be  thermally  stable,  UHV  stable. 

Detection  Limits 

1  atomic  %  sensitivity  (.01%  monolayer) 

Z  >  3 

Volume  of  Analysis 

O 

Static  -  'vlO  atomic  layers,  10-40  A  deep 
Imn  lateral  resolution 
Data  Collection  Time 

10-20  minutes  for  survey 
30  minutes  to  several  hours  for  depth  profiles 
Areas  of  Application 
Lateral  analysis 

Semiconductors,  metals,  alloys,  corrosion,  catalysis 
Information  Obtained 

Semi quantitative  analysis 
Impurity  detection 
Interfaces,  depth  profiles 
Interferences 
Few 
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XPS 


X-RAY  PHOTOELECTRON  SPECTROSCOPY 


Incoming  Particle  -  X-ray 
Detected  Particle  -  .photoelectrons 


XPS  is  also  known  as  ESCA,  electron  spectroscopy  for  chemical  analysis. 
In  XPS,  X-rays  are  used  to  eject  photoelectrons.  The  energy  of  the  ejected 
photoelectron  is  related  to  the  incident  energy  (hv)  minus  the  binding 
energy  of  the  electron  (B.E.)  minus  the  work  function  (#)  of  the  sample. 
The  binding  energy  depends  on  the  nature  of  the  bonding  of  the  atomic 
species.  The  work  function  of  the  spectrometer  is  calibrated  by  setting 
the  Au  4f7^2  transition  at  83.8  eV  and  the  Cu  Zpg^g  at  932.4  eV.  Energy 
resolution  is  obtained  by  the  widths  of  the  entrance  and  exit  slits. 
References  for  binding  energies  can  be  obtained  from  the  Phi  Manual^ 
Articles  on  XPS  are  given  in  the  reference  section. 
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Polymers  like  Kapton  can  be  analyzed  by  XPS  methods.  A  wide  scan,  as 
shown  below,  is  used  to  determine  what  elements  a’^e  present  in  a  sample. 
Note  that  the  elements  C,  N,  0,  Cu  and  A1  are  detected  in  the  wide  scan. 
For  semiquantitative  information  and  binding  energy  information  a  narrow 
scan  is  done  over  a  smaller  energy  window.  The  narrow  scan  given  in  figure 
(b)  shows  that  in  the  C  Is  region  there  are  three  types  of  carbon.  These  3 
types  of  carbon  can  be  assigned  to  3  chemically  different  types  of  carbon 
irf  Kapton. 
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XPS 


Sample  Considerations 
Almost  any  solid 
Grease  free 

Detection  Limits 
Z  >  3 

0.1  atomic  %  (dependent  on  photoionization  cross  section) 

Volume  of  Analysis 
10  layers  deep 

O 

10-40  A  depth  resolution 

Data  Collection  Time 

10-20  minutes  survey 

Areas  of  Application 

Semi quantitative  analysis 
Depth  profiles 

Contaminants,  thin  films.  Interfaces,  polymers,  corrosion 

Information  Obtained 

Oxidation  states  of  elanents,  bonding  Information 

Interferences 

For  trace  work 
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Overviev/  of  Surface  Spectroscopies 


Method 


AES 

* 

ISS 


** 


SIMS 

XPS 


A* 


Purpose  of  Experiment 
Microanalysis 
General  Information 
Depth  Profile  Information 
Structural  Information 
Microanalysis 
General  Information 
Chemical  Bonding 


*  Electron  beams  can  reduce  the  sample. 

**  Ion  beam  techniques  are  destructive  to  sample. 
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XPS  Conditions 


Samples  were  secured  by  pairs  to  opposite  sides  of  a  two- 
sided  sample  rod,  then  introduced  into  the  photoemission 
spectrometer.  An  A1  anode  was  used  as  the  X-ray  source.  Survey 
data  for  all  samples  were  collected  using  a  fixed  retarding 
ratio  of  3.  Detail. data  were  collected  using  a  fixed  analyser 
transmission  energy  of  200  eV. 
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II.  CLEANING  PROCEDURES. 


The  following  pages  concern  the  cleaning  procedures  that  were  used  for 
treating  all  samples.  These  procedures  were  discussed  with  Dr.  Scott  Grendahl 
prior  to  treatment  of  the  samples. 
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ALTERNATIVE  CLEANERS:  EXPERIMENTAL  SUMMARY 

and  Use  of  the  Standard  Contamination  Mixture 

Aeroshell  Grease  17  (MIL-  G-  211  64D,  Code  70017,  Shell 
Oil  Company,  mass  used  =  25.57  g)  was  stirred  with  Royco  782 
(H-  537  hydraulic  fluid,  MIL-  H-  83282,  mass  used  =  51.14  g) . 
Whenever  a  cleaner  was  to  be  tested,  this  contamination  test 
mixture  was  freshly  stirred  with  a  glass  rod,  and  a  test  panel 
cleaned  in  Trichlor  (see  below)  was  held  with  forceps  and 
immersed  in  the  contamination  test  mixture  for  approximately  1 
second.  After  the  immersion  step,  the  test  panel  was  withdrawn 
vertically  to  allow  the  excess  test  mixture  to  drain  off.  The 
test  panel  was  placed  in  and  A1  foil-  covered  16  X  150  mm  test 
tube  for  subsequent  baking  at  13 OF. 

Baking  of  Contaminated  Test  Panels 

Test  panels  were  contaminated  by  pairs,  then  stored 
according  to  the  procedure  given  above.  The  test  tubes 
containing  the  test  panels  were  placed  in  a  tube  furnace  heated 
(129F) .  After  2  hours,  the  test  tubes  were  removed  from 
the  tube  furnace  and  allowed  to  cool  to  room  temperature. 

Except  for  the  XPS  analysis  of  'Bare  7075  Al',  all  the  test 
panels  were  contaminated  and  baked  prior  to  cleaning  and  XPS 
analysis. 


CLEANING  PROCEDURES  FOR  7075  A1  SAMPLES 
Initial  1,1, i-  trichloroethane  Cleaning  (All  Test  Panels) 

(1/ 1/ 1— trichloroethane.  Service  Chemical 
Corporation)  was  added  to  fill  an  utrasonic  cleaning  bath 
(volume  =2.0-  2.5  L).  Ultrasonic  cleaning  followed  for  15 

minutes,  during  which  time  the  test  panels  were  moved  at 

of  2—  3  minutes.  The  test  panels  were  individually 

removed  from  the  bath  and  blow-  dried  with  air  at  room 
temperature  using  clean  forceps.  The  test  panels  were  stored 
by  pairs  in  2  dram  sample  vials  for  later  use.  One  pair  was 

selected  to  represent  the  'Bare  7075  A1  Test  Panels'  in  the 

XPS  analysis. 

Preparation  and  Use  of  Alternative  Cleaners:  Common  Steps 

In  most  cases,  the  following  three  steps  were  taken  when 
testing  cleaners,,  and  are  mentioned  here  to  avoid  redundance: 
(1)  Two  test  panels  contaminated  accoriding  to  the  procedure* 
outlined  above  were  ultrsonically  cleaned  for  15  minutes  in  the 
cleaner  to  be  evaluated.  During  the  cleaning  step,  the  test 
panels  were  moved  with  a  glass  rod  at  intervals  of 
approximately  2  minutes.  (2)  The  test  panels  were  removed  from 
the  cleaning  bath,  then  were  ultrasonically  rinsed  in  deionized 
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water  for  5  minutes.  During  the  rinse  step,  the  test  panels 
were  moved  with  a  glass  rod  at  intervals  of  approximately  1 
minute.  (3)  The  test  panels  were  sequentially  blow-  dried  in 
air  at  room  temperature,  and  stored  in  clean  A1  foil-  covered 
test  tubes  for  transfer  to  the  XPS  instrument.  Since  the  above 
three  steps  are  to  be  generally  assumed,  the  desctiption  of  the 
procedures  used  for  individual  cleaners  appearing  below  will  be 
confined  to  cleaner  dilution  procedures,  cleaning  temperatures 
and  deviations  from  the  three  steps  as  needed. 

Solvall  5234 

Solvall  5234  was  used  neat  at  room  temperature. 

Trichlor 

Trichlor  (1, 1, 1-trichloroethane)  was  used  omitting  step  2 
(i.e.,  the  deionized  water  rinse)  of  the  three  common  steps 
(above) .  It  was  used  neat  at  room  temperature. 

PARTS PREP 

PARTSPREP  was  used  neat  at  room  temperature.  This  cleaning 
was  repeated  for  a  second  set  of  test  panels  with  particular 
attention  paid  to  maintaining  a  'face  up'  orientation  for  both 
test  panels  during  the  ultrasonic  rinse  step  (number  3  of 
common  steps) .  Also,  the  test  panels  were  kept  separated  during 
both  the  cleaning  and  rinsing  so  that  they  did  not  make  face- 
to-face  contact. 


ALK  660 

ALK  660  (200  mL)  was  thoroughly  mixed  with  deionized  water 
(200  mL) .  The  resulting  mixture  was  used  at  room  temperature. 

Penair  HD-1 

Penair  HD-1  (800  mL)  was  thoroughly  mixed  with  deionized 
water  (1600  mL)  .  The  resulting  mixture  was  used  at  room 
temperature . 


Rebound  7 

Rebound  7  (1300  mL)  was  thoroughly  mixed  with  deionized 
water  (1300  mL)  .  The  resulting  mixture  was  used  at  a 
temperature  of  78-  82C. 

DOT-111/  113 

DOT-111/  113  was  used  neat  at  room  temperature. 
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Metal  Aid  Dr 


Metal  Aid  Dr  concentrate  (104  inL)  was  mixed  with  deionized 
water  (2496  +/-  10  mL)  and  74.41  g  NaOH.  The  resulting  mixture 
was  thoroughly  stirred.  The  mixture  was  then  used  at  40-  42C. 
Since  one  of  the  test  panels  was  contaminated  by  dropping,  both 
faces  of  the  uncontaminated  test  panel  were  analysed  by  XPS. 

Shopmaster 

Shopmaster  (1400  mL)  was  mixed  with  deionized  water 
(1400  mL) .  The  resulting  mixture  was  used  at  room  temperature. 

.  Aerosolv  2000 

Aerosolv  2000  was  used  neat  at  room  temperature. 

Brulin  815  GD 

Brulin  815  GD  (250  mL)  was  thoroughly  mixed  with  deionized 
water  (2500  mL) .  The  resulting  mixture  was  used  at  a 
temperature  of  78-  82C.  This  cleaning  was  repeated  for  a  second 
set  of  test  panels  with  particular  attention  paid  to 
maintaining  a  'face  up'  orientation  for  both  test  panels  during 
the  ultrasonic  rinse  step  (number  3  of  common  steps) .  Also,  the 
test  panels  were  kept  separated  during  both  the  cleaning  and 
rinsing  so  that  they  did  not  make  face-to-face  contact. 

Power  Cleaner  310L 


Power  Cleaner  310L  (260  mL)  was  thororoughly  mixed  with 
deionized  water  (2340  +/-  lo  mL) .  The  resulting  mixture  was 
used  at  a  temperature  of  77-  82C. 


Jettacin 

Jettacin  (180  mL)  was  thororoughly  mixed  with 
deionized  water  (2520  +/-  10  mL) .  The  resulting  mixture  was 
used  at  room  temperature. 


cee  Bee  A  7  X  7 

Cee  Bee  A  7  X  7  was  used  neat  at  room  temperature. 

Turco  4215-  NC-  LT 

Turco  4215-  NC-  LT  (19.7001  g)  was  thororoughly  mixed  with 
deionized  water  (2630  +/-  10  mL) .  The  resulting  mixture  was 
used  at  room  temperature. 

Callasolv  120 

^^Ils-Solv  120  was  used  neat  at  room  temperature. 
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Dilution  and  Temperature  of  Use  of  Cleaners 


0) 

u 

13 . fo  .  O 

-PE-jEhEh&hEhOEhO 
(d  00  ^ 

J^ggSSgHg 
Q)  O  0  O  O  O  0 

a  o  o  o  o  o  o 

^  0^  0^  tx:  ct:  ex: 

0) 


EhEhooE-»EhE-iEh 

CO  CO 

e  g  g  g 

0  0  0  0 


g  g 
O  0 
o  o 
p:  q: 


0  0  0  0 
p:  p:o:p: 


o 

o 

O 

rg  O 

na 

03 

X  CM 

X 

X 

X 

0)  ^ 
g  0) 
g 

H  D 
O  rH 
>  O 
> 


o 

iH 

O 

0) 


0) 

g 

fH 

o 

> 


0) 

g 

:3 

iH 

o 

> 


P 

CO 

0 

CO  CO 

P  CO 

z 

p  p 

U  P 

u  u 

(d  u 

Id  (d 

ft  (d 

c 

ft  ft 

ft 

0 

o 

•H 

o  ^ 

H  ra  o 

P  o 

H  O  H 

03 

(d  03 

03 

x:xx 

H  ffi 

P  W  P 

p  P 

p  p 

•HH  C 

g  c 

•H  c  H 

^  >  H 

P  -H 
r\ 

0)  0)  0) 
g  g  g 
:3  ^3  3 


>1 

0)  0)  W 

c  c 

td  (d  ^ 

<D  <U  0) 

rH  rH  c 

C  0  O  (d 

O  0) 

•H  -P  4J  rH 

•P  M  P  O 

:34JPP(drd  PH  p 
H  (d  (d  (d  ft  ftc><»  (d  H  (d 
•H(D<i)a)  00)000) 


O 

rvj 

X 

U 

0) 

p 

•H 

H 

O 

O 


c 

•H 


0 

4H  ^ 

CP 

0) 

0)  Q)  oT 

(P 

CO  g 

S  g  B 

^ 

3  3  9 

• 

p  H 

rH  (H  (H 

0)  0 

O  0  0 

P  > 

>  >  > 

II 

:3 

p  >1 

>1 

u 

O 

0) 

(d  ^ 

0)  w  Q) 

c 

p 

c  c 

Id 

:3  u 

(d  P  (d 

0) 

C  0) 

0)  0)  0) 

H 

(d  c 

H  c  H 

0 

g  (d 

u  (d  0 

0) 

0) 

P 

H 

P  H  p 

o 

0  U 

POM 

td  (d  P  w  p 

ft(^o  ft  (d  CO  (d 
0) 
X 


0)  (d 
H  H  H  S  g 


o  o 

n  k  o  o 

r) 

H  rH  Q  O 

03 

1  H  1  CM  m 

in  ft 

Q  TJ  0)  rH 

u 

X  \-H  4J  >  CO 

H  ft  O 

*0  iH  i<  w  (H 

iJ 

O 

iH 

r> 

P 

0) 

C 

<d 


X  o 

r-  I 
in 


c  x:  (d  CO  VO 

(d  o  > 


c 

:3  H  H 


o 

CO  -H 


c 

H  0) 

C  O  O  0) 


<3  H  > 


CM 

^  O 

_  _  CO 

>H  (d  OQ  o  (d 

cdOlrdftOHO}p  OH 
0)-HH05gCX5&H4JOPD>P0)pH 
HjHO<<h3o)0)oo)pCQ)Poa)0):3(d 
UEHC0ft<ftCt;QgC0<CQft»^ugu 


3-65 


Note:  Metal  Aid-Dr:  Cleaner  (104  mL)  +  deionized  water  (2496  mL)  +  NaOH  (74.41  g) . 


III.  RAW  DATA. 


The  following  Data  Sheeets  contain  all  of  the  rawXPS  data  that  were 
collected  on  this  project.  For  each  sample  there  is  a  survey  spectrum.  For  each 
sample  there  is  also  a  Table  summarizing  the  atomic  concentrations  of  all 
samples.  In  addition,  conditions  used  during  all  experiments  are  given  on  these 
raw  data  sheets. 
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Surface  analysis  summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  Bare  7075  A1  Test  Panel  1 
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7075  Al,  Panel  1  Surve 


Bare  7075  Al.  Panel  2  Survey  Bare  7075  Al.  Panel  2  Zn  2pl/2,  2p3/2 
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Binding  Energy  /  eV  Binding  Energy  /  eV 


Bare  7075  Al.  Panel  2  C  Is  Bare  7075  Al,  Panel  2  Mg  Is 
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Surface  analysis  summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  Bare  7075  A1  Test  Panel  2 
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Solvall  5234.  Panel  1  C  Is  o  Solvall  5234,  Panel  1  A1  2p 
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Surface  analysis  summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
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Surface  analysis  summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  DOT-111/  113  Cleaned  7075  A1  Test  Panel  1 
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Binding  Energy  /  eV  Binding  Energy  /  eV 
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surface  analysis  summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  Shopmaster  Cleaned  7075  A1  Test  Panel  1 
Method:  XPS 

Mounting:  Secured  with  a  single  gold“Covered  screw. 

Theoretical  sensitivity  factors  used.  Assigned  density  =  0.900  g/cm? 
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Shopmaster,  Panel  2  Survey  ^  Shopmaster.  Panel 
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Aerosolv  2000.  Panel  2  Survey 


Surface  analysis  summary  for;  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  Sputter  Cleaned  7075  A1 


3-145 


0) 

u 

u 

o 

o 


m 

0) 

B 

(0 

b 


U 

Q 


P 

(0 

0) 

TJ 

0) 

CO 

(d 

iH 

0^ 

0 

O 

Q 


JC 

<d 

c 

0) 

a 

4J 

-p 

0 

o 

w 


o 

4-1 

>1 

U 

m 

g 

6 

0 

U) 

CO 

•H 

CO 

>i 

fH 

rd 

c 

(d 

0) 

o 

(d 

4-4 

P 

0 

CO 


0) 

c 

(d 

CL4 

V 

CO 

0) 

Eh 


in 

o 


TJ 

0) 

c 

cd 

0) 


Q 

O 

m 

H 

00 

c 

•H 

H 

0 

P 


CO 

B 

O 

o 

o 

a\ 


>1 


J  w 
^  c 
0)  0) 
U  T3 

o 

(0  TJ 
0) 


c 

H 


TJ 
Q> 

U 
0)  CO 
>  CO 

I  • 

V  TJ 

iH  0) 

O  CO 
0>  0 

0)  CO 
»H  p 
O 
C 

•H  O 
CO  (d 
4h 
<d 

>1 
x:  4J 
•P  -H 
•H  > 
^  -H 
4J 
*0  -H 
(1)  CO 


U  _ 
0  0) 
O  CO 


c 


CA| 


0)  biro  CNJ 

B  q 


0-Hl 
P  4J| 
-P  -P 
CO  0) 
C  CO 
H 


O 

O 


II  II 

fP  » 
oi  04 


>iH 


§1 

0) 

P  O 
(d  0) 
x:  p 
o  P 

o 

o 


to 

0)  H 
C  CO 
O 

S  • 


0) 

rH 

04 

B 

(d 

CO 


(1) 

Cp  CO  H 
^  (d 

X  ••  o 

cn*H 
••  C  4J 
'O  -H  0) 
o  -P  P 
x:  c  o 
•p  0  a) 
0)  O  X3 
SSE^ 


in  VO 

VO  VO 

o  o 

J? 

Oi  O4 

N<  < 


c 

o 

•H 

-P 


CO 

e  o 

O  -H 

<  <0 


VO  00 
VO  CO 

•  • 

o  r- 

OJ 


VO  ^  CO  kT 
00  a^  CO 


VO 


o 

CO 


<d 

<D 

04 


a 


o  o 

CM  O 
O  O 
CO  O 
•  • 
00  o 
in  CM 
CO  o 
r)  00 
o 


O  O  CM  O 
in  n 

CM  VO  n  H 
H  CM  H  ^ 

•  •  •  • 

OS  C\ 

in  CM  CM 

O  H  00  H 
cn  VO  in 


o 

o 

• 

o 

o 

H 


O 

O 

O 

O 

• 

00 

VO 

n 

o 


> 

0) 

o 

o 

CM 


>1 

tys 

p 

0) 

c 

0) 

CO 

CO 

(d 

O4 


cn  0) 

c 

•H 

C  0 

•H  p 
OQ  O 
C 


CTi  o^  VO  cn 

CO  in  in  in 

•  •  •  # 

in  H  H  00 

o  CO  in  Tf 

CO  in  CO  CO 


o  \o  o  in  o 

00  H  CO  ^  CM 

•  •  •  •  • 

^  O  CM  ^  H 

00  o  o  !%> 

CM  CM  H 


<d 

0) 

04 


4J 

C 

0) 

6 


CM  CM 


CO 


H  ro 

Q404D4  OiQiOiOlq. 
WCMCMCM  COCMCMCMCMCM 
_  H 

5*  td  (d  <d  iH  •H  pH  f— 4  ■— I 

'<lsoooouoco<<;i< 


CO 

0 

P 

-H 

0 

X 

H 

u 

0) 

CO 

B 

>H 

PI 

0 

C 

1 

rH 

0) 

•  • 

rH 

-H 

IP 

0 

P 

<D 

fp 

>H 

JO 

B 

3 

C 

C 

3 

Oi 


u 

M  (1) 

(0  X5 
0)  g 

O4  3 

a 


0<O50i0i0Sft!a;oJci[jp[;p; 

J5)5^'^'^'^^^VOVOVO 

vo^vovovovovovovovovo 


HCMCOTfinvOt^COOVO 


CO 

Eh 

s; 


o 

u 


0) 

x: 

+j 

c 

■H 

P 

<d 

CD 

04 

04 

(d 

4J 

o 

c 

CO 

0) 

o 

'0 

•p  • 
0)  4J 
rH  0) 

X)  CO 

0 

O  (0 
^0  -H 

O44J 

CM 

vp 

0  0 
O 

CM 

0 

X3  iH 
Eh  0) 
C 

•  0 

COO4 

CM 

PI  4J 

HtO 

q  0) 

X  +J 
0>  P 

a  o 

4h 

x: 

-P  B 

>  P 
•P 
O4  O 
0  0) 


O4 

CO 

c 

o 


in  CO 

CO 
I  -H 
CO  g 
0) 

CO  o 
X  p 
0  O 
0)  x: 

O4 


3-148 


Panel 


3-151 


Surface  analysis  summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  Power  Cleaner  310  L  Cleaned  7075  A1  Test  Panel  1 
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Surface  analysis  sununary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  Jettacin  Cleaned  7075  A1  Test  Panel  1 
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> 

0) 

\ 

□) 

(L 

(U 

c 

LU 

O) 

c 

•o 

c 

•rH 

tn 


puooas  /  s:;unoo 


> 

0) 

> 

OI 

C- 

0) 

c 

UJ 

O) 

c 

-r1 

T3 

c 

ft 

QQ 


3-162 


(U 

u 

u 

o 

o 


in 

Q) 

B 


x: 

(d 

•d 

c 

Q) 

O 


CM 


<U 

c 

<d 

04 

4J 

CQ 

0) 


to  T5 

0) 

'O  C 
0)  0> 
U  -H 

0)  to 
>  to 

8^ 

I  • 

73  Ti 


(d 

n 

0 

e 

c  col 

0 

0 

0)  d 

CO  CM 

•  • 

N 

g  0 

d> 

0  -H 

II  11 

Q 

M 

0 

4J  -P 

p4  H 

0 

to  0) 

0;  04 

0 

cn 

c  to 

(d 

• 

H 

0) 

0 

TJ 

0 

II 

:z; 

to 

>1 

<d 

•H 

iH 

•  CO 

d> 

^  c 

0 

0)  0) 

0 

U  TJ 

Q 

0 

>irH 


tOi 
g  0| 
O 
4J  4J 
•<  flJ 
Pi 


0  Tf 

CM  CM 

0 

CM  00 

ov  0 

0 

•  • 

•  • 

• 

H  CM 

VO  H 

0 

n 

0 

VO 

H 

>i 

0  0 

0  0 

0 

4J 

0  0 

0  VO 

VO 

M 

•H 

0  0 

0  CM 

VO 

fd 

to 

0  0 

0  CO 

VO 

0) 

c 

•  • 

•  • 

• 

O4 

0) 

0  C\ 

in  00 

in 

4J 

00  CM 

VO  CO 

00 

c 

o\ 

VO  00 

r- 

H 

^  00 

VO 

H  H 

H 

CM 

> 

0) 

O 

o 

CM 


>1 

tP 

(D 

C 

0) 

CO 

to 

d 

04 


d>  0) 

c 

•H 

TJ  H 

c  d 

•H  M 
PQ  0) 
C 


CM  VO  O  O 

o  VD  n  00 

•  •  •  • 

^  H  <r»  ^ 

o  n  00  CO 
n  in  CM  CM 


00  cn  CO 

VO  00  00  CM 

•  •  •  • 

H  00  00  ^ 
O  00  00 


4J 

0  to 

4J 

G 

d»  d 

c 

0  iH 

(U 

CQ  < 

0)  to 

•H 

M/ 

g 

rH  P 

< 

fd  c 

•  a 

in 

CT  0 

c 

0)  0 

u 

C  4J 

0 

•  • 

P4  *H 

0 

0 

•H  0 

CD  -H 

c 

to 

cw 

to  fd 

d>4J 

0)  r^ 

0 

to 

P  0 

C  c^ 

•H 

< 

> 

1  'O 

fd 

fd  0) 

0  0 

jJ 

u 

0) 

_  >1 

x:  p 

X  • 

fd 

flC 

c 

aC  -P 

a  p 

CM 

<P 

fd 

4->  -H 

0 

•H 

g 

0) 

•H  > 

0 

0 

d 

iH 

^  •H 

CO 

X 

to 

0 

4J 

H 

<D 

•d  -H 

CO 

g 

to 

c 

0)  to 

>4 

fd 

•H 

•H 

P  c 

c 

to 

0 

d  <u 

< 

> 

fd 

0  to 

H 

0) 

iH 

-P 

0) 

X 

(d 

-P 

CO  CO  pH 

H 

•  • 

*p^ 

c 

0) 

P4  (0 

Pi 

p 

(d 

X  ••  0 

s 

0) 

• 

0 

<u 

d'-H 

S 

g 

in  VO 

(1) 

•  • 

••  C 

D 

fd 

>* 

1 

0 

0) 

TJ-H  0) 

CO 

c 

0  0 

Pi 

d 

p 

fd 

iH 

Q4 

0  P 

aC  C  0 

» 

0) 

%% 

c 

^  0) 
fd  ^ 

g 

-p  d  0) 

iH 

a«  ou, 

c 

0)  g 

d 

fd 

0)  0  x: 

H 

•H 

D 

d 

cu  d 

CO 

CO 

S  S  Eh 

0^ 

<  < 

CO 

K 

X 

to  O4  to  to  04 

HtOtOtOtOCMCMCMCM 
H  H  H  H 

'H  d'  d'lH 

s  o  u  o  o  tnxx  < 


HCMcococo^^inin 

o;o^o:o^o^oso:oio^ 

•  •••••••• 

VOVOVOVOVOVOVOVOVO 

000000000 

ss3saasaa 


HcMcn^invor^oocjv 


3-163 


Jettacln.  Panel  2  Survey  Jettacin.  Panel  2  0  is 


PUOO0S  /  sq.uno3 


o 

o 

01 

in 


o 

m 

in 


o 

o 

in 


> 

cu 


>* 

O) 

c 

0) 

c 

tu 

Oi 

c 

•ri 

TD 

C 

•ri 

CD 


O 


> 

03 


O) 

c 

03 

c 

lU 


03 

c 

•H 

•a 

c 


CD 


3-164 


puoDas  /  sq.unoo 


Q) 

U 

U 

o 

o 


CO 

0) 

e 


(d 

en 

4J 

•t) 

B 

C  ^ 

0 

0)  0 

• 

A  * 

\ 

€  C 

P 

O' 

0  -H 

0 

P  X» 

0 

44  X> 

0 

CO  0 

G 

as 

C  CO 

cd 

• 

H 

(1) 

0 

TJ 

0) 

11 

a 

CO 

iH 

O' 

3 

O 

Q 


x: 

tCJ 

-o 

c 

0) 

u 

o 

4-» 

■p 

o 

0 

w 


o 

>1 

u 

<CJ 


CO 

CO 

-H 

CO 

>1 

iH 

(Q 

C 

0) 

0 

(0 

p 

D 

CO 


rH 

-P 

•H 

iH 

•  CO 

>  c 

0) 

0)  0) 

C 

P  T3 

(d 

0 

PU 

CO  TJ 

-P 

<U 

TJ  C 

CO 

<U  O' 

0) 

P  -H 

Eh 

0)  CO 

rH 

>  CO 
0  < 

< 

0 

in 

1  • 

TJ  TJ 

•H  0) 

0 

0  CO 

O'  0 

TJ 

(1)  CO 

0) 

H  P 

c 

O'  0 

(d 

C  *P 

0) 

•H  0 

iH 

CO  (d 

a 

r^ 

td 

>1 

X 

a  -P 

X>  -H 

•H  > 

^  -H 

0) 

(1) 

0) 

0) 

O 


O 

fH 

s' 

(0 

CO 


*0  -H 

0)  CO 

u  c 

O  0) 
O  CO 
<D 

CO  CO  H 
cti  (d 

X  ••  o 

tP-H 
••  C  -P 
0) 

O  4J  P 

x:  c  0 

-POO) 
0)  o  x: 
s  a  H 


o 
o 
n  (N 

II  II 

IP  » 

pci  IP 


0)  0)  -H 

O  0) 

CO  Q 


o 
o 

CP+J 

P  o 

(d  0) 
a  p 
u  P 

o 

o 


H 


CO 

o  o 

a  a 

&  CI4 
PI  PI 
IP  •<  < 


> 

O 

O 

O 

f>a 


>1 

O' 

P 

0) 

c 

0) 

CO 

CO 

rd 

IP 


ca 

c 

0)  00 

0 

c  0 

•H 

0  H 

4-1 

a  • 

(d 

(N 

4J 

•H 

0 

CO 

X 

H 

CO 

H 

P 

0) 

e 

o 

c 

c 

a 


CO 

0  OJ 

0 

0 

B  0 

n 

0 

oa  0 

0 

0  -H 

•  • 

• 

•  • 

• 

-P  4J 

00  0 

in 

0 

i<  (d 

n  n 

in 

0 

P4 

VO 

n 

rH 

0  0 

0 

0  0 

0 

4J 

0  0 

0 

0  ^ 

in 

•H 

0  0 

0 

O'  O' 

0 

CO 

0  0 

0 

n  r) 

rg 

C 

•  • 

• 

•  • 

• 

0 

VO  VO 

as 

CVJ  0 

VO 

-p 

00  H 

rH 

00 

VO 

c 

0 

00 

VO  eg 

in 

H 

OJ 

r) 

n 

O' 

H 

n  in  ^  o 
o  in  in  00 


'O  > 

C  0 

•H  p 

(H  o 
c 
» 


^  H  0\  ^ 

o  n  CO  CO 
n  in  nj  ca 


o  CM  in  CO  CO  rj 

n  H  <y»  00  CO  nj 
•  ••••• 
o  Tf  H  CO  00  rr 
^  n  o  CO  CO  r- 

rH  iH  rH 


44 

fd 

0) 

PU 


-P 

c 

o 

B 

G 

tJ 


^  CO  Q4  CO  CO  Q| 

^  JPcgoarqcM 

CO  H  H  H  H  na 

<laoacjc4coaicogg<; 


r-iojnnci^^mmvDvD 

. 

COCOCOCOCOCOOOCOCOCOCO 

00000000000 

iiiii§§g§§§ 


X  a) 

(0  ,Q 

0)  g 
CL4  9 

z 


rHcan^mvor^cowoH 


3-166 


CEE  Bee  A  7  X  7.  Panel  1  Survey  Cee  Bee  A  7  x  7.  Panel 


t^300’9  t^300’2  O'O 


o 

o 

N 

CM 


□) 

c. 

QJ 

C 

LU 


ai 

o  c 


o 

01 


CM 


-D 

C 

•rl 

m 


.  puooas  /  s:).unoo 


Cee  Bee  A  7  X  7.  Panel  1  P  2p  Cee  Bee  A  7  x  7.  Panel  1  A1  2p 


W  VO  H 

VO 

VO  eg 

o 

E  0  CM  eg 

CO 

o  eg 

o 

O  -H  .  . 

• 

•  • 

• 

4J  4J  9  VO 

H 

in  eg 

o 

i<  (C  ^  eo 

VO 

H  VO 

o 

«  r» 

H 

-P  o 
c  ^  o 

<D  D  fo  eg 

g  C 

pJ-H  II  II 
U  ^ 

1x4  U 
CO  0)  pe;  04 
C  CO 


>|o  o 

o 

O  O 

o 

•poo 

o 

^  H 

VO 

-H  O  O 

o 

eg  VO 

ov 

10  0)  o  o 

o 

eg  o 

cn 

e  c  •  • 

• 

•  ■ 

• 

CU  0)  n  f' 

o 

^  eg 

o 

P  in  <n 

eg 

H  VO 

in 

C  <Jv 

n 

o  in 

in 

H  n  ^ 

H 

H  eg 

eg 

VO  00 

rH 

CO 

(0  rj 


> 

0) 

o 

O'  0) 

O'  o 

n  o 

o 

c  ^ 

o 

in  00 

eg 

•H 

•  • 

•  • 

^0  > 

H 

O'  ^ 

>irH 

•• 

C  0 

O  r) 

00  00 

>i 

•H  p 

n  in 

eg  eg 

0)  •H 

O' 

PQ  0) 

iH 

>  10 

P 

c 

W  4J 

0) 

u 

C  0) 

c 

CO  Q 

0) 

CO 

CO 

<0 

04 

in  r-  o  ^ 

in  o  H  CO  CO  CO  n 


o  ^  eg  CO  CO  H  ^ 
^  cn  o  CO  CO  CO 

H  H  iH 


0 

•« 

Q)  -H 

c 

0'4J  0)  in 

0 

U  0 

•H 

(d  0)  0  H 

4J 

^  P  25  • 

(d 

OP  eg 

4-> 

O 

•H 

0 

0 

CO 

X 

H 

H 

•H 

0) 

P  c 

CO 

0) 

=>  (U 

>1 

CQ 

0  a 

H 

o 

>^ 

cd 

0) 

K  03  H 

c 

0) 

(C 

12 

(d 

a 

X  ••  0 

0 

OV'H 

s 

•• 

••CP 

5 

0 

0) 

TJ-H  0) 

CO 

cd 

rH 

0  P  P 

(M 

8* 

43  C  0 

P 

E 

P  C  0) 

3 

0 

(0 

2  O  43 

H 

CO 

to 

SSBi 

(P 

OS 

0)  • 

B  o>  o 

«J  CO 

coo 

a»i| 

b 


aeg  CO  acoco 

•HHcocococoego^cgojcg 

CO  H  H  H  H  eg 
CO  ‘H  "H 

<souaucoo4coss( 


Hegncon^^ininvovovo 

enpioiciioitificiipiioioioioi 

goooooooooooo 

(OCOCOCOCOCOCOCOCOOOCOCOCO 
C  ^0  ^0  O  O  ^0  CO  ^0  ^0  O  CO  ^0  o 


u 

M  <a 

njq 

ffl  EHrgtn^invor'oowoHrg 

«  2  H  H  H 

s 


3-169 


Peak  11  assigned  to  Si  2p  K-alpha5  satellite. 
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Surface  analysis  summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  Turco  4215--NC-LT  Cleaned  A1  Test  Panel  2 
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Surface  analysis  summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  Callasolv  120  Cleaned  7075  A1  Test  Panel  1 
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Surface  analysis  summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
Sample:  Callasolv  120  Cleaned  7075  A1  Test  Panel  2 
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Callasolv  120,  Panel  2  Survey  Callasolv  120,  Panel 


Callasolv  120,  Panel  2  C  Is  Callasolv  120,  Panel  2  A1  2p 


puooas  /  s:^uno3 
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300.0  290.0  280.0  90.0  80.0  70.0  60. 

Binding  Energy  /  eV  Binding  Energy  /  eV 


summary  for:  Scott  Grendahl,  Douglas  Nedeau,  Dr.  James  H.  Gorrell 
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PARTSPREP.  #3  Mg  Is  PARTSPREP,  #3 


530 . 0  520 . 

Binding  Energy  /  eV 


table  of  data  S[JI\/|MAR17Fn 

The  following  table  summarizes  all  of  the  XPS  analyses  that  were  performed 

on  all  samples.  The  atomic  percentages  were  obtained  by  analyzing  all  of  the 
raw  data  found  in  Section  III. 
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12  July,  1995  Update 


Elemental  Concentrations  on  7075  A I 


Sample 

[All 

[Mg] 

[C] 

[0] 

[Fe] 

[Zn] 

Bare  Al, 

Panel  1 

100 

39 

1200 

750 

2.6 

2.0 

Bare  Al, 

Panel  2 

100 

45 

1000 

720 

5.3 

1.2 

Contaminated,  Panel  1 

- 

- 

100 

63 

- 

- 

Contaminated,  Panel  2 

- 

- 

100 

23 

- 

Sputtered  Al 

100 

9.4 

62 

180 

- 

- 

Elemental  Concentrations  on  Cleaned  7075  Al 

Sample/  Panel  No. 

[All 

[Znl 

[Mg] 

[C] 

[0] 

[N] 

[P] 

[S] 

[Si] 

[Cl] 

[F] 

Bare  Al,  #1 

100 

- 

39 

1200 

750 

- 

- 

. 

- 

Bare  Al,  #2 

100 

- 

45 

1000 

720 

- 

_ 

Solvall  5234,  #1 

100 

- 

28 

220 

210 

- 

. 

- 

_ 

Solvall  5234,  #2 

100 

- 

24 

760 

590 

- 

- 

. 

PARTSPREP,  #1 

100 

- 

39 

1200 

820 

- 

15 

PARTSPREP,  #2 

100 

- 

30 

930 

600 

- 

15 

. 

. 

ALK  660,  #1 

100 

15 

290 

360 

18 

6.5 

- 

11 

ALK  660,  #2 

100 

- 

32 

600 

580 

33 

8.9 

- 

12 

Penair  HD-1,  #1 

100 

- 

32 

1200 

640 

- 

. 

Penair  HD-1,  #2 

100 

- 

16 

1100 

480 

Rebound  7,  #1 

100 

- 

25 

390 

780 

. 

120 

Rebound  7,  #2 

100 

- 

14 

360 

530 

- 

90 

DOT-111/  113,  #1 

100 

- 

36 

1100 

690 

17 

DOT-111/  113,  #2 

100 

- 

25 

1200 

590 

20 

. 

Metal  Aid-  Dr,  #1A 

100 

7.2 

8.5 

110 

360 

. 

Metal  Aid-  Dr,  #1B 

100 

2.9 

3.6 

130 

270 

_ 

_ 

Trichlor,  #1 

100 

- 

52 

1000 

810 

9.1 

> 

12 

Trichlor,  #2 

100 

- 

52 

1100 

840 

7.4 

. 

17 

Shopmaster,  #1 

100 

- 

30 

340 

520 

- 

52 

47 

Shopmaster,  #2 

100 

- 

20 

290 

420 

- 

65 

_ 

46 

Aerosolv  2000,  #1 

100 

- 

7.8 

180 

290 

20 

- 

_ 

. 

Aerosolv  2000,  #2 

100 

- 

5.9 

130 

230 

17 

- 

_ 

_ 

Brulin  815  GD,  #1 

100 

- 

0.66 

62 

250 

31 

1.3 

Brulin  815  GO,  #2 

100 

- 

0.71 

83 

230 

- 

29 

0.57 

_ 

PowerCleaner  310L,  #1  100 

- 

21 

390 

1200 

. 

260 

PowerCleaner  310L,  #2  100 

- 

22 

510 

1200 

- 

280 

_ 

Jettacin,  #1 

100 

- 

1.6 

100 

230 

. 

19 

. 

Jettacin,  #2 

100 

- 

41 

440 

670 

. 

41 

_ 

Cee  Bee  A  7  X  7,  #1 

100 

- 

38 

380 

630 

. 

57 

Cee  Bee  A  7  X  7,  #2 

100 

- 

44 

460 

790 

- 

62 

- 

- 

Turco  4215-NC-LT,  #1 

100 

- 

4.7 

110 

230 

Turco  4215-NC-LT,  #2 

100 

- 

19 

260 

430 

. 

_ 

Brulin  815  GD,  #3 

100 

- 

1.3 

no 

340 

_ 

59 

_ 

_ 

Brulin  815  GD,  #4 

100 

- 

1.7 

78 

240 

- 

10 

Callasolv  120,  #1 

100 

- 

25 

830 

580 

- 

Callasolv  120,  #2 

100 

- 

18 

880 

520 

- 

PARTSPREP,  #3 

100 

- 

31 

1200 

800 

- 

- 

- 

- 

- 

Note:  Test  results  below  the  blank  line  are 

for  test  panels 

with  ' 

face  up' 

orientation  during 

analysis 
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V.  Scanning  Auger  Data. 

In  order  to  confirm  some  of  the  XPS  data,  svanning  Auger  spectroscopy 
experiments  were  performed.  The  following  spectra  are  specific  Auger  runs  on 
samples  that  had  also  been  aniyzed  by  XPS  methods.  Similar  agreement  was 
found  for  these  different  analyses.  It  shoudi  be  kept  in  mind  that  the  two 
techniques  analyze  different  areas  although  the  depth  of  analysis  is  roughly  the 
same. 
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Brulin  B15  6D,  Spot  2,  12  sweeps 
File:  B:\CLEANALULPANA02.SUR 
Date:  Sat  Jul  08  06:  54:  08  1995 
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1 1 1 


Bare  7075  Al:  Trichlor  Cleaned 
File:  C:\AESDATA\ALPANA03.SUR 
Date:  Tue  Jul  11  07: 07:  23  1995 


Kinetic  Energy  (eV) 


Intentionally  left  blank. 
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Intentionally  left  blank. 
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Summary  Data  Sheet  For  Adhesive  Bonding  Replacement  Cleaners 
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Summary  Data  Sheet  For  Non-Destructive  Inspection  Replacement  Cleaners 
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Section  4: 

Materials  Compatibility  Investigation 


Intenhonaixy  left  blank. 


The  top  six  candidates  for  cleaning  prior  to  adhesive  bonding  were  subjected  to  materials 
compatibility  testing.  The  cleaners  were  Callosolve  120,  Aerosolve  2000,  Parts  Prep,  Shop  Master, 
Solvall  5234,  and  ALK-660,  acquired  from  the  listing  and  analysis  detailed  in  the  previous  section. 
The  top  1 1  candidates  for  cleaning  prior  to  NDI  were  also  subjected  to  materials  compatibility 
testing.  They  included  isopropyl  alcohol,  P-D-680,  Citrex,  Spotcheck  SKC-HF,  Desoclean  45, 
Teksol  EP,  Bioact  1 13,  Axarel  56,  TPC  Solvent,  Dynasolv  108,  and  Electron  NDE.  Although  it  was 
not  expected  that  these  compliant  solvent  cleaners  would  be  extremely  corrosive  or  embritUing,  the 
testing  was  carried  out  on  the  side  of  caution. 


Materials  Compatibility 


The  testing  performed  included  total  immersion  corrosion,  effects  on  unpainted  surfaces, 
sandwich  corrosion,  stress  corrosion  aacking,  and  hydrogen  embrittlement  testing.  A  listing  of  the 
specifications  called  out  in  performing  these  tests  is  as  follows: 


Total  Immersion  Corrosion 
Effects  On  Unpainted  Surfaces 
Sandwich  Corrosion 
Stress  Corrosion  Cracking 


Hydrogen  Embrittlement 


ASTM-F-483 

ASTM-F-485 

ASTM-F-1110 


ASTM-G-30,  ASTM-G-38,  ASTM-G-39,  ASTM-G-41, 
ASTM-G-44,  ASTM-G-47,  ASTM-G-103,  ASTM-G-123 
ASTM-F-945,  ARP  1795A 
ASTM-F-519. 


All  tests  were  performed  on  the  six  materials  (AM-355,  PH  13-8  steel,  maraging  C-250  steel, 
aluminum  7075-T6,  titanium  6A1-4V,  and  cadmium-plated  4340)  except  the  hydrogen  embrittlement 
testing,  which  was  performed  only  on  cadmium-plated  4340  according  to  the  governing 
specification. 


AU  of  the  testing  was  performed  precisely  following  the  specification  guidelines  except  for  the 
stress  corrosion  testing  and  the  addition  of  the  other  materials  investigated  under  this  program. 
Several  of  the  materials  were  not  included  in  die  aforementioned  specifications  and  therefore  did  not 
have  requirements  to  follow.  However,  extrapolated  tests  were  developed  based  upon  these 
specifications.  The  standards  for  stress  corrosion  testing  of  titanium  and  aluminum  alloys,  ASTM- 
F-945,  ASTM-G-44,  and  ASTM-G-47,  were  extremely  helpful  in  this  regard.  U-type  bend 
specimens  were  fabricated  from  the  appropriate  material.  These  specimens  were  then  subjected  to 
a  sodium  chloride  environment  for  varying  time  intervals  coupled  with  furnace  heat  treatments  to 
inflict  a  stress  corrosive  condition.  The  processes  were  then  modified  until  stress  corrosion  cracking 
was  evident  on  a  regular  basis  (i.e.,  when  aU  specimens  subjected  to  a  stress  corrosive  medium  and 
baking  treatment  experienced  cracking).  The  process  was  then  altered  by  replacing  the  sodium 
chloride  solution  with  concentrated  solutions  of  the  test  alternatives.  The  specimens  would  then  be 
subjected  to  similar  exposure  and  heat  treatment  cycles.  The  specific  procedures  for  each  material 
are  described  as  follows  for  each  individual  material. 
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Titanium: 

-  U-bend  specimens  of  the  appropriate  dimensions  were  fabricated  per  ASTM-F-945. 

-  Three  specimens  were  left  untreated  to  establish  validity  of  the  sheet  material. 

-  Six  specimens  were  dipped  in  the  sodium  chloride  solution,  allowed  to  dry,  and  then  put  in  a 
furnace  at  900  ±20°  F  for  8  hrs. 

-  Three  specimens  were  dipped  in  each  of  the  test  solutions,  allowed  to  dry,  and  then  put  in  a  furnace 
at  900  ±20°  F  for  8  hrs. 

-  The  specimens  were  evaluated  both  by  both  optical  microscopy  and  metallurgically. 

PH  13-8: 

-  U-bend  specimens  of  the  appropriate  dimensions  were  fabricated  per  ASTM-F-945. 

-  Three  specimens  were  left  untreated  to  establish  validity  of  the  sheet  material. 

-  Six  specimens  were  dipped  in  the  sodium  chloride  solution,  allowed  to  dry,  and  then  put  in  a 
furnace  at  825  ±20°  F  for  120  hrs. 

-  Three  specimens  were  dipped  in  each  of  the  test  solutions,  allowed  to  dry,  and  then  put  in  a  furnace 
at  825  ±20°  F  for  120  hrs. 

-  The  specimens  were  evaluated  both  by  both  optical  microscopy  and  metallurgically. 

C-250: 

-  U-bend  specimens  of  the  appropriate  dimensions  were  fabricated  per  ASTM-F-945. 

-  Three  specimens  were  left  untreated  to  establish  validity  of  the  sheet  material. 

-  Six  specimens  were  dipped  in  the  sodium  chloride  solution,  allowed  to  dry,  and  then  put  in  a 
furnace  at  750  ±20°  F  for  168  hrs. 

-  Three  specimens  were  dipped  in  each  of  the  test  solutions,  allowed  to  dry,  and  then  put  in  a  furnace 
at  750  ±20°  F  for  168  hrs. 

-  The  specimens  were  evaluated  both  by  both  optical  microscopy  and  metallurgically. 

AM-355: 

-  U-bend  specimens  of  the  appropriate  dimensions  were  fabricated  per  ASTM-F-945. 

-  Three  specimens  were  left  untreated  to  establish  validity  of  the  sheet  material. 

-  Six  specimens  were  dipped  in  the  sodium  chloride  solution,  allowed  to  dry,  and  then  put  in  a 
furnace  at  825  ±20°  F  for  92  hrs. 

-  Three  specimens  were  dipped  in  each  of  the  test  solutions,  allowed  to  dry,  and  then  put  in  a  furnace 
at  825  ±20°  F  for  92  hrs. 

-  The  specimens  were  evaluated  both  by  both  optical  microscopy  and  metallurgically. 

NOTE:  AM-355  specimens  were  not  visibly  affected  by  stress  corrosion  cracking.  ARL-MD  could 
not  get  the  material  to  stress  corrosion  crack  even  by  varying  the  schedule  probably  due  to  the 
thickness  of  the  sheet  material  (14  mils). 
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4340: 

-  U-bend  specimens  of  the  appropriate  dimensions  were  fabricated  per  ASTM-F-945. 

-  Three  specimens  were  left  untreated  to  establish  validity  of  the  sheet  material. 

-  Six  specimens  were  dipped  in  the  sodium  chloride  solution  allowed  to  dry  and  thai  put  in  a  furnace 
at  825  ±20°  F  for  168  hrs. 

-  Three  specimens  were  dipped  in  each  of  the  test  solutions,  allowed  to  dry,  and  then  put  in  a  furnace 
at  825  ±20°  F  for  168  hrs. 

-  The  specimens  were  evaluated  both  by  both  optical  microscopy  and  metallurgically. 

Aluminum  7075-T6: 

-  U-bend  specimens  of  the  appropriate  dimensions  were  fabricated  per  ASTM-F-945. 

-  Three  specimens  were  left  untreated  to  establish  validity  of  the  sheet  material. 

-  Six  specimens  were  dipped  in  the  sodium  chloride  solution,  allowed  to  dry,  and  then  put  in  a 
fiimace  at  350  ±20°  F  for  104  hrs. 

-  Three  specimeiis  were  dipped  in  each  of  the  test  solutions,  allowed  to  dry,  and  then  put  in  a  fiimace 
at  350  ±20°  F  for  104  hrs. 

-  The  specimens  were  evaluated  both  by  both  optical  microscopy  and  metallurgically. 

Results 


The  results  of  the  materials  compatibility  testing  p«formed  by  ARI^MD  outlined  previously  can 
be  found  on  the  following  pages.  A  discussion  of  these  results  can  be  found  immediately  thereafter. 
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Total  Corrosion 


Titanium 


Initial  Weight  of 
Titanium 

24  hours  of 
Immersion 
Titanium 

168  hours  of 
Immersion  of 
Titanium 

Cleaners 

Weight  (mg) 

Weight  (mg) 

Weight  (mg) 

Cone. 

Ave.  weight/cm2 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/24hr) 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/168hr) 

DS-108 

121.8 

121.8 

0.0044 

121.8 

0.0000 

Electron  NDE 

123.0 

123.0 

0.0007 

123.0 

0.0000 

Iso  Propyl 

124.1 

124.1 

0.0022 

124.1  i 

0.0110 

P-D  680 

122.9 

122.9 

0.0000 

122.9 

0.0132 

Citrex 

1  122.0 

122.0 

0.0125 

122.0 

0.0353 

Desoclean  45 

116.4 

116.4  j 

0.0000 

116.4 

0.0103 

Magnuflux  SKC-HF 

122.3 

122.3 

0.0000  ! 

122.3 

0.0007 

BioAct  113 

122.1 

122.1 

0.0000 

122.1 

0.0088 

Teksol  EP 

123.2 

123.1 

0.0118  . 

123.1  ; 

0.0169 

Axarel  56 

121.6 

121.6 

0.0088 

121.6  ; 

0.0051 

Tpc  solvent 

122.6 

122.6  : 

0.0000 

122.6  1 

0.0191 

Aerosolve  2000 

100% 

119.6 

1  119.6 

1  0.0037 

119.6 

[  0.0000 

10% 

122.7 

122.7 

0.0015 

122.6 

0.0103 

'Alk-660 

100% 

121.3 

121.3 

0.0051 

121.3 

0.0198 

10% 

121.7 

121.7 

0.0066 

121.7 

0.0213 

Callasolve  120 

100% 

119.4 

119.4 

0.0051 

119.4  ! 

0.0287 

10% 

122.3 

122.3 

0.0000 

122.2  1 

0.0206 

Parts  Prep 

100% 

121.0 

121.0 

0.0000 

121.0 

0.0081 

10% 

121.0 

121.0 

I  0.0037 

121.0 

0.0213 

ShopMaster 

100% 

122.6 

122.6 

0.0000 

122.6 

0.0132 

10% 

122.4 

122.4 

0.0015 

122.4  1 

0.0140 

Solvall  5234 

100% 

121.9 

121.9 

0.0029 

121.9  i 

0.0162 

10% 

123.5 

123.5 

0.0022 

123.4 

0.0081 
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Total  Corrosion 


Aluminum 


Initial  Weight  of 
Aiuminum 

24  hours  of 
Immersion  of 
Aluminum 

168  hours  of 
Immersion  of 
Aiuminum 

Cleaners 

Weight  (mg) 

Weight  (mg) 

Weight  (mg) 

Cone. 

Ave,  weight/cm2 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/24hr) 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/168hr) 

DS-108 

534.9 

534.9 

0.0000 

534.9 

0.0000 

Electron  NDE 

523.4 

523.4 

0.0000 

523.4 

0.0000 

Iso  Propyl 

543.3 

543.2 

0.0459 

543.2 

0.0853 

P-D  680 

538.8 

538.8 

0.0459 

I  ...  „ 

538.7 

0.0689 

Citrex 

547.5 

547.4 

0.0558 

i 

547.4 

0.1083 

Desoclean  45 

549.5 

549.4 

0.0755 

549.5 

0.0525 

Magnuflux  SKC-HF 

524.8 

524.7 

0.0787 

524.7 

0.1017 

BioAct  113 

548.5 

548.5 

0.0558 

548.5 

0.0328 

Teksol  EP 

535.7 

535.7 

0.0164 

535.6 

0.0722 

Axarel  56 

532.4 

532.3 

0.0853 

532.3 

0.0787 

Tpc  solvent 

543.7 

543.6 

0.0722 

543.7 

00492 

Aerosoive  2000 

100% 

528.1 

528.1 

0.0066 

528.1 

0.0000 

10% 

549.6 

549.6 

0.0000 

549.6 

0.0066 

Alk-660 

100% 

539.8 

539.8 

0.0033 

539.8 

0.0033 

10% 

541.8 

541.8 

0.0000 

541.8 

0.0000 

Callasolve  120 

100% 

531.8 

- 1 

531.8 

0.0000 

531.8  1 

0.0000 

10% 

542.5  j 

542.5 

0.0000 

542.5 

I  1 

0.0033 

Parts  Prep 

100% 

539.6  ! 

_ 1 

539.6 

0.0066 

539.6  1 

0.0098 

10% 

518.8 

518.8 

0.0000 

518.8 

0.0066 

ShopMaster 

100% 

535.6 

535.5 

0.0066 

535.6 

-0.0033 

10% 

543.6 

543.6 

0.0098 

543.6  i 

0.0066 

Solvall  5234 

100% 

531.2 

531.2  i 

1 

0.0033 

531.2  1 

0.0131 

10% 

540.7 

540.7 

0.0066 

540.7  1 

0.0098 

4-8 


Spec.  weight/cm2  Spec.  (mg/cm  Spec.  welght/cm2  (mg/cm 

Cleaners  Cone.  No. _ _ _ _  No.  _ _ _ _ 2/24hr)  No.  2/168hr 
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Total  Corrosion 
AM-355 


Initial  Weight  of 
AM-355 

24  hours  of 
Immersion  AM- 
355 

168  hours  of 
Immersion  of  AM- 
355 

Cleaners 

Weight  (ring) 

Weight  (mg) 

Weight  (mg) 

Cone. 

Ave.  weight/cm2 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/24hr) 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/168hr) 

DS-108 

280.6 

280.6 

-0.0258 

280.6 

0.0078 

Electron  NDE 

274.5 

274.5 

0.0078 

274.5 

0.0181 

Iso  Propyl 

285.1 

285.1 

0.0000 

285.1 

0.0233 

P-D  680 

277.9 

277.9 

-0.0207 

277.9 

-0.0181 

Citrex 

268.9 

268.9 

0.0103 

268.9 

-0.0155 

Desoclean  45 

282.1 

282.1 

0.0103 

282.1 

0.0155 

Magnuflux  SKC-HF 
(Spotcheck) 

279.8 

279.9 

-0.0543 

279.8 

i 

-0.0207 

BioAct  113 

277.5 

277.6 

-0.0284 

277.5 

-0.0078 

Teksol  EP 

290.2 

290.2 

-0.0052 

290.2 

-0.0233 

Axarel  56 

272.3 

272.4 

-0.0129 

272.3 

0.0310 

Tpc  solvent 

268.2 

268.2 

0.0233 

268.2 

-0.0026 

Aerosolve  2000 

100% 

274.4  ! 

274.4 

0.0310 

274.4 

0.0465 

10% 

270.6 

270.6 

-0.0103 

270.5 

0.0155 

Alk-660 

100% 

260.9 

260.9 

I  -0.0026 

260.9 

^  0.0078 

10% 

274.6 

274.6 

I  -0.0465 

274.6 

-0.0052 

Callasolve  120 

100% 

268.6 

268.6 

1  -0.0181 

268.6 

-0.0233 

10% 

280.4 

280.4 

-0.0362 

^  280.4 

0.0078 

Parts  Prep 

100% 

285.7 

285.7 

-0.0052 

285.7 

0.0207 

10% 

272.9 

272.9 

-0.0284 

272.9 

-0.0233 

ShopMaster 

100% 

274.0 

273.9 

0.0155 

273.9 

0.0310 

I 

! 

10% 

277.9  j 

277.9 

0.0103 

277.9 

0.0026 

Solvall  5234 

100% 

275.7  1 

275.7 

-0.0155 

275.7  1 

0.0000 

i 

10% 

279.8  1 

279.8 

-0.0026  ! 

279.8  i 

0.0103 

4-10 
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PH  13-8 

Initial  Weight  of 
Ph  13-8 

24  hours  of 
Immersion  PH  13- 
8 

168  hours  of 
Immersion  of  PH  13 
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0.0189 
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0.0118 

Desoclean  45 

569.1 

569.1  1  -0.0059 

569.1 
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C-250 


Initial  Weight  of 
C-250 

24  hours  of 
Immersion  C-250 

_ 

. 

168  hours  of 
immersion  of  C-250 

Cleaners 

Weight  (mg) 

Weight  (mg) 

Weight  (mg) 

Cone. 

Ave.  weight/cm2 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/24hr) 

.... 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/168hr) 

DS-108 

641.4 

641.4 

0.0106 

641.3 

0.0189 

Electron  NDE 

618.9 

618.8 

0.0106 

618.8 

0.0059 

Iso  Propyl 

617.5 

617.5 

0.0165 

617.5 

0.0024 

P-D  680 

609.9 

609.9 

-0.0142 

609.9 

0.0083 

Citrex 

620.5 

620.5 

-0.0012  ! 

620.5 

0.0094 

Desoclean  45 

604.7 

604.6 

0.0519 

604.5  ! 

0.1735 

Magnuflux  SKC-HF 

621.3 

621.3 

0.0118 

621.3 

0.0106 

BioAct  113 

610.6 

610.6 

0.0153 

610.6 

0.0000 

Teksol  EP 

623.6 

623.6 

-0.0024 

623.6 

-0.0012 

Axarel  56 

633.9 

633.9 

0.0047 

633.9 

0.0035 

Tpc  solvent 

634.4 

634.4 

0.0106  ; 

634.4  1 

0.0142 

Aerosolve  20^  100%'  622.6  |  622.5  ^  0.0861  ^  62Z6  0.0035 

_  10%  I  625.3  I  625.2  1  0.0271  ^  625^2  '  0.0507 

Alk-660  100^  629.3  '  629.3  I  0.0224  629^3  '  0.0094 

_ 10%  62^  ^  622.9  ^  0.0024  62Z9  0.0201 

Callasolve  120  100%  618.3  j  618.3  570083  ^  618.3  0.0071 

I  10%  I  630.6  I  630.6  !  0.0130  6306  ^  0.0059 

Parts  Prep _ 1 100%  I  610.8  |  "610.8  |  0.0000  610.8  0.0047 

_ 10%  _  619.8  619.8  0.0024  619.7  ^  0.0814 

ShopMaster  |100%|  623.8  623.8  ^  0.0012  623.8  -0.0035 

_ 10%  620.1  620.1  T  -0.0012  620.1  |  0.0307 

Solvall  5234 _ 100%  620.4  j  620.4  |  0.0094  620.4  0.0189 

I  10%  I  612.0  I  611  9  I  0.0507  |  611.7  0.2466 


4-14 


I 

1 


Ave. 

Loss 

(mg/cm 

2/168hr 

lO 

CO 

o 

o 

d 

0.0507 

0.0094 

o 

CM 

o 

d 

O 

o 

d 

0.0059 

0.0047 

E 

o 

d 

-0.0035 

0.0307 

0.0189 

0.2466 

99000 

o 

o 

o 

o 

d 

Tf 

CD 

O 

O 

d 

0.1735 

0.0024 

0.0106 

CO 

00 

o 

o 

d 

CM 

O 

O 

CD 

CM 

'sr 

o 

d 

CD 

00 

o 

d 

69000 

168  hours  of 
Immersion 
ofC-250 

E 

P 

<  o> 

1 

<o 

CNi 

CM 

CO 

CM 

id 

CM 

CD 

CO 

oi 

CM 

CO 

CD 

CM 

CM 

CD 

CO 

00 

CO 

d 

CO 

CO 

00 

d 

S 

CD 

E 

00 

cd 

CM 

CD 

o 

CM 

CD 

■M- 

d 

CM 

CO 

h- 

T“ 

E 

CD 

cd 

CO 

CO 

CO 

d 

E 

• 

in 

d 

CM 

CO 

in 

-It 

o 

CO 

in 

h^ 

E 

cp 

E 

CD 

CD 

CD 

o 

CO 

CO 

cd 

CM 

CO 

1 

'It 

CO 

CD 

cp 

s 

00 

od 

E 

o 

17329.7 

<3> 

CO 

CO 

cn 

o 

d 

CO 

s 

CO 

00 

O 

00 

CD 

cd 

CO 

CD 

CO 

o 

d 

o 

CD 

00 

N; 

CD 

in 

od 

o 

CM 

T— 

CO 

d 

CD 

CD 

CD 

o 

cd 

CM 

?! 

in 

CD 

CO 

id 

5 

CO 

CD 

o 

h- 

CO 

CO 

CM 

h- 

oo 

CO 

CO 

1^ 

CM 

in 

CD 

m 

T- 

o 

CO 

CM 

00 

CD 

Tf 

00 

h- 

T” 

oo 

-M- 

CD 

CO 

T“ 

T"' 

in 

00 

T— 

o 

E 

i 

00 

T” 

CM 

od 

CO 

o 

h- 

CD 

O) 

CM 

00 

<o 

LO 

CO 

s 

T“ 

00 

r- 

T“ 

CD 

CD 

h- 

h- 

1^ 

00 

in 

CO 

00 

id 

o 

CM 

'll' 

o 

1^ 

•r- 

T“ 

CD 

00 

od 

00 

CO 

id 

CM 

o 

00 

T— 

CM 

CD 

CO 

u 

cd 

■M" 

CO 

1^ 

T“ 

CO 

CO 

00 

o 

CO 

T“ 

N. 

in 

CM 

CO 

h- 

T— 

o 

o 

00 

CM 

o 

h- 

in 

00 

CO 

CM 

m 

CO 

CO 

in 

1^ 

V- 

o 

E 

cp^ 

o 

00 

CD 

O 

T- 

00 

< 

in 

d 

a> 

lO 

00 

CO 

00 

LO 

d 

CM 

o 

00 

T~ 

CO 

cd 

CM 

CD 

CD 

T~ 

in 

cd 

ir* 

ir- 

CO 

tT 

CD 

m 

1^ 

m 

hi 

CD 

cd 

CO 

CO 

1^ 

CM 

od 

oo 

00 

1^ 

id 

CD 

CM 

T- 

h- 

od 

o 

CD 

CO 

cd 

00 

in 

CO 

o 

CO 

CM 

CO 

s 

CO 

r^ 

T— 

CM 

CO 

I-'- 

ll- 

CM 

00 

00 

CO 

o 

r^ 

T- 

00 

T“ 

00 

00 

CO 

h- 

CM 

m 

s 

00 

id 

o 

00 

17265.8 

d 

0)  o 
Q.  z 
CO 

CM 

CO 

LO 

CD 

00 

CD 

o 

- 

CNJ 

ymm 

CO 

in 

T“ 

CO 

00 

O) 

o 

CM 

CM 

CM 

'M' 

CM 

in 

CM 

— 

Ave. 

Loss 

(mg/cm 

2/24hr) 

00 

O 

d 

s 

d 

CM 

CM 

O 

d 

S 

O 

o 

d 

CO 

§ 

O 

d 

o 

CO 

o 

d 

o 

o 

o 

o 

d 

o 

o 

d 

CM 

O 

O 

d 

CM 

T- 

o 

o 

d 

1 

0.0094 

o 

in 

o 

d 

s 

o 

d 

0.0153 

CM 

O 

O 

d 

1 

CD 

E 

o 

d 

in 

CD 

o 

d 

00 

o 

d 

CM 

■M- 

O 

d 

1 

CM 

O 

o 

d 

1 

o 

T~ 

o 

d 

i 

o 

d 

CD 

O 

O 

d 

1 

24  hours  of 
Immersion 
ofC*250 

Weight  (mg) 

lO 

cvi 

CM 

CO 

CM 

id 

CM 

CO 

CO 

o> 

CM 

CO 

CD 

CM 

CM 

CO 

CO 

od 

o 

CD 

d 

CO 

CO 

00 

d 

o 

00 

CD 

E 

00 

cd 

CM 

CO 

d 

CM 

CO 

d 

CM 

CO 

2 

E 

CD 

cd 

CO 

CO 

CO 

d 

E 

in 

d 

CM 

CO 

CO 

o 

CO 

in 

h-^ 

E 

cp 

E 

CO 

CD 

CD 

O 

CO 

CD 

cd 

CM 

CO 

-It 

CO 

CO 

-It 

CO 

oo 

od 

E 

_ 

_ 

o 

r- 

o 

CO 

CO 

CO 

CO 

CD 

lO 

00 

tT 

00 

O 

00 

CD 

cd 

CO 

CO 

CO 

CO 

d 

o 

CO 

00 

cp 

CO 

m 

T~ 

oo 

CD 

O 

CM 

CD 

d 

CD 

CD 

CO 

CM 

id 

CM 

CM 

h- 

CD 

1^ 

CD 

17923.2 

CO 

CD 

o 

N. 

in 

CD 

CM 

CD 

CO 

CO 

1^ 

CO 

in 

CD 

in 

o 

CD 

CM 

00 

CD 

00 

OO 

'll- 

CD 

CD 

CM 

in 

00 

h^ 

o 

E 

h^ 

'It 

00 

00 

CO 

— 

— 

CD 

d 

CM 

00 

CO 

'M- 

id 

CO 

h- 

"M- 

00 

T“ 

in 

d 

00 

oc> 

In 

CO 

00 

CO 

id 

Tf 

CM 

T~ 

CM 

O 

cd 

CO 

h^ 

o 

CD 

00 

CO 

1^ 

o 

h^ 

CM 

o 

00 

'll- 

CD 

CO 

h- 

CO 

o 

CO 

CO 

00 

t— 

o 

CO 

hi 

m 

CM 

CO 

! 

s 

o 

00 

CM 

o 

00 

CO 

CM 

in 

CO 

h^ 

CD 

'M' 

in 

CO 

o 

00 

7n 

o 

N. 

T~ 

CM 

d 

T“ 

00 

_ 

< 

18595.2 

CO 

LO 

r^ 

CO 

d 

CM 

o 

00 

CM 

CD 

CO 

cd 

? 

h- 

00 

cd 

o> 

m 

1^ 

CM 

E 

1^ 

ico 

CD 

CO 

ICO 

!r^ 

CD 

h^' 

00 

E 

CO 

CD 

CM 

CD 

od 

o 

CO 

CD 

od 

00 

m 

CO 

1 

o 

CO 

CM 

00 

E 

CO 

E 

CO 

N. 

CM 

00 

00 

CO 

o 

1 

CD 

CD 

oo 

CO 

N- 

CM 

in 

'M- 

CM 

-M- 

00 

h^ 

T— 

id 

o 

00 

1^ 

id 

CO 

CM 

d 

<D  o, 
Q-  z 
CO 

i 

CM 

co 

in 

CD 

00 

CD 

o 

T~ 

- 

2 

? 

jp 

CD 

00 

i 

oi 

CM 

E 

1 

CM 

CM 

in 

CM 

“1 

1 

_J 

Initial 
Weight  of 
C-250 

CNJ 

1 

CO 

CM 

CM 

CO 

CO 

id 

CM 

CO 

_ 

CO 

CD 

CM 

CO 

CD 

CM 

CM 

CO 

! 

CO 

eo 

T~ 

CO 

i 

CO 

d 

CO 

CO 

00 

d 

E 

00 

CD 

E 

oo 

cd 

CM 

CO 

d 

CM 

CO 

"M- 

d 

CM 

CO 

o 

CM 

E 

CD 

cd 

CO 

CO 

CO 

d 

E 

m 

d 

CM 

CO 

h-; 

o 

CO 

j 

i 

in| 

i 

Ej 

j 

cp 

T— 

CM 

CO 

CD 

CD 

O 

CO 

_ 1 

CO 

cd 

CM 

CO 

-M- 

'If 

CO 

CO 

CO 

CD 

od 

E 

^  I 

i 

1 

O 

17333.6 

CD 

CD 

CO 

CD 

CO 

CD 

LO 

'M- 

tT 

00 

o 

00 

16634.2 

•M- 

d 

o 

CO 

00 

in 

CO 

in 

TT 

CD 

o 

CM 

1^ 

in 

d 

CD 

CD 

CO 

7n~ 

id 

CM 

CM 

17498.1 

id 

CM 

CD 

T“ 

CD 

CD 

o 

CO 

CO 

CM 

▼“ 

CD 

CO 

CO 

1^ 

00 

in 

CD 

in 

E 

CM 
®  1 

O 

in 

00 

00 

CD 

CO 

CM 

in 

00 

! 

E 

18845.01 

in 

od 

CO 

o 

i 

CD 

00 

CM 

00 

CO 

id 

CO 

h- 

00 

00 

~<D 

d 

00 

CM 

in 

CO 

00 

7^ 

id 

CM 

CM 

5! 

O 

CD 

CO 

CD 

00 

CO 

CM 

CM 

o 

00 

00 

CD 

CO 

o>| 

h..' , 

«i 

5=! 

To^ 

d 

CD 

CO 

00 

d 

CO 

T~ 

id 

CM 

CO 

1^ 

~(D 

id 

o 

o 

CM  I 
O 

CD 

t 

CO 

h^ 

CM 

in 

CO 

'll- 

in 

i 

CD 

o 

E 

17702.1 1 

CM 

d 

r“ 

00 

1 

I 

i 

1 

i 

< 

o> 

CD 

<3) 

lO 

00 

lO 

CM 

00 

lO 

r^ 

00 

CM 

O 

00 

CO 

CD 

CO 

in 

cd 

5 

1^ 

17594.4 

in 

in 

cd 

CO 

CO 

00 

n: 

00 

00 

o1 

CD 

CM 

r“ 

CD 

o 

CO 

CD 

CD 

OO 

in 

CO 

CD 

CD 

m 

CM 

00 

E 

CO 

oo 

d 

CM 

CO 

m 

od 

1^ 

CM 

00 

■M- 

od 

CO 

o 

-r- 

_ 1 

o 

CD 

hi 

oT 

00 

CO 

CD 

E 

00 

17805.21 

CO 

id 

CO 

CM 

1^ 

Spec. 

No. 

CM 

coj 

in 

CD 

00  1 

o> 

1 

o 

- 

CM 

CO  1 
'^1 

in 

T- 

^  1 

-1 

- 1 

00  I 

’"1 

CD 

o| 

CM  1 

T— 

CM 

CM 

CM 

! 

'M- 

CM 

in 

CM 

i 

i 

d 

c 

o 

O 

O 

o 

o 

O 

o 

T— 

O 

O 

O 

O 

T— 

nP 

o 

o 

T-*  • 

O 

o 

o 

>5 

o 

T— 

o 

o 

I 

1 

i 

_ 1 

i 

i 

\ 

\ 

1 

Cleaners 

Aerosolve 

2000 

i 

o 

CO 

CO 

A. 

ICallasolve  120 

[Parts  Prep 

jShopMaster 

Isolvall  5234 

i 

1 

i 

! 

i 

CO 

in 

£ 

(0 

II 

|BioAct113 

1 

[Desoclean  45 

|lso  Propyl 

Magnuftux 

SKC-HF 

o 

oo 

CO 

Q 

QL 

iTeksol  EP 

|Tpc  solvent 

1  eoksal 

LU 

D 

|z 

c 

2 

tS 

<i> 

LIJ 

i 

\ 

i 

i 

i 

_ 1 

4-15 


Total  Corrosion 


4340  Steel 


Initial  Weight  of 
4340 

24  hours  of 

Immersion  4340 

- 1 

168  hours  of 
Immersion  of  4340 

— 

Cleaners 

Weight  (mg) 

Weight  (mg) 

Weight  (mg) 

Cone. 

Ave.  weight/cm2 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/24hr) 

Ave.  weight/cm2 

Ave.  Loss 
(mg/cm2/168hr) 

DS-108 

585.3 

585.3 

0.0012 

585.3 

0.0106 

Electron  NDE 

592.3 

592.3 

00260 

592.2 

0.0543 

Iso  Propyl 

622.8 

622.8 

0.0212 

622.8 

0.0212 

P-D  680 

567.1 

567.1 

0.0142 

567.0 

0.0661 

Citrex 

592.4 

592.4 

0.0024 

592.4 

0.0024 

. 

Desoclean  45 

601.9 

601.9 

0.0165 

601.9 

0.0177 

Magnuflux  SKC-HF 

553.0 

553.0 

0.0142 

553.0 

0.0484 

BioAct  113 

578.2 

578.2 

0.0118 

578.2 

0.0083 

Teksol  EP 

588.8 

1  588.8 

0.0189 

588.8  i 

1 

0.0496 

Axarel  56 

597.1 

597.1 

0.0236 

597.1  j 

0.0142 

Tpc  solvent 

577.5 

i  577.4 

0.0212 

577.4 

0.0496 

Aerosolve  2000 

100% 

586.5 

586.6 

-0.0850 

586.3 

0.1758 

10% 

589.8 

589.8 

0.0425 

589.7 

0.0826 

Alk-660 

100% 

590.5 

590.5 

0.0012 

590.5 

0.0153 

10% 

588.2 

588.2 

0.0106 

588.2 

0.0083 

Callasoive  120 

100% 

571.3 

571.3 

0.0106 

571.3 

0.0142 

10% 

591.0 

591.0 

070012 

591.0 

0.0118 

Parts  Prep 

100% 

594.3 

594.2 

0.0142 

594.2 

0.0059 

10% 

606.9 

606.8 

0.0696 

1 _ _ 

606.7 

0.2301 

ShopMaster 

100% 

581.1 

581.1 

I  -0.0035 

581.1 

-0.0012 

10% 

599.7 

599.7 

0.0083 

599.7 

0.0071 

Solvall  5234 

100% 

604.0 

604.0 

0.0094 

604.0 

0.0130 

10% 

606.1 

1  606.0 

0.0649 

605.8 

0.3056 

4-16 


I 

I 


Ave. 

Loss 

(mg/cm 

2/168hr 

0.1758 

CO 

CM 

00 

o 

CD 

0.0153 

08000 

CM 

O 

d 

00 

o 

d 

69000 

0.2301 

CM 

O 

O 

d 

1 

0.0071 

jo 

ICO 

;o 

;d 

CO 

in 

CM 

O 

d 

CO 

00 

o 

o 

d 

o 

o 

d 

0.0177 

0.0212 

0.0484 

CD 

CD 

O 

d 

0.0496 

0.0496 

CD 

o 

o 

d 

0.0543 

1 68  hours  of 
Immersion 
of  4340 
Steel 

CM 

|l 

a> 

5 

CO 

CD 

00 

lO 

ai 

00 

in 

m 

d 

O) 

in 

CM 

00 

00 

CO 

▼“ 

in 

p 

S 

in 

CM 

i 

to 

N. 

cd 

o 

CD 

T- 

00 

!in 

CJ) 

CD 

in 

o 

s 

CD 

P 

CO 

in 

o 

CD 

in 

CM 

cd 

in 

csi 

CD 

in 

p 

o 

CO 

00 

CM 

CM 

CO 

o 

cd 

in 

in 

o 

CO 

in 

00 

od 

00 

in 

h-: 

in 

CO 

in 

00 

in 

CM 

csi 

CD 

in 

O 

o> 

in 

o 

CO 

CO 

CO 

d 

in 

CM 

1^ 

CM 

T- 

o 

CM 

CO 

T— 

CD 

S 

CO 

in 

5 

m 

CO 

CM 

cjj 

S 

CD 

h- 

CM 

00 

CO 

CO 

p 

cd 

CD 

cd 

Si 

O) 

CO 

csi 

i'cr 

d 

CD 

CD 

CO 

p 

?) 

CM 

CD 

T“ 

00 

cd 

O) 

CD 

CO 

16410.6 

CM 

in 

in 

CO 

Ip 

s 

CO 

18198.5 

p 

in 

CO 

cd 

in 

00 

m 

15986.71 

00 

od 

CM 

CM 

In 

CM 

CM 

CO 

CO 

CM 

d 

CO 

o 

N- 

Oi 

CO 

o 

d 

00 

CD 

CD 

CO 

cvi 

CM 

in 

CO 

05 

CD 

CO 

oc> 

o 

N. 

CM 

CO 

O 

T- 

00 

CD 

cd 

CM 

CJ) 

CD 

•r“ 

CO 

cjj 

CO 

CD 

in 

00 

cd 

CO 

CD 

CD 

d 

CO 

CM 

N- 

T~ 

CO 

cvi 

o 

CM 

S 

T“ 

h^ 

CD 

CD 

00 

CD 

T“ 

CM 

in 

''3' 

CD 

in 

CM 

O) 

00 

CD 

in 

M- 

CO 

CO 

T~ 

h-‘ 

in 

CO 

id 

in 

00 

m 

g 

CD 

CD 

T~* 

CO 

00 

(D 

CM 

h-^ 

00 

h- 

CO 

in 

00 

CD 

in 

T— 

< 

CM 

CO 

o 

(D 

CJ> 

CD 

s 

CO 

CO 

CD 

CM 

CO 

CD 

h- 

CJ) 

o 

in 

CD 

CO 

CO 

00 

CM 

s 

CO 

T“ 

m 

s 

T— 

1^ 

T“ 

h- 

o 

1^ 

M- 

cd 

CO 

CO 

p 

s 

r- 

16934.1 

CO  i 

5  i 

h-  1 

CO 

cd 

? 

CD 

5 

CD 

in 

CO 

cd 

CD 

CM 

1^ 

T“ 

CO 

r- 

CM 

S 

m 

cd 

CO 

CD 

CM 

iri 

CD 

00 

CO 

OO 

n! 

CO 

CO 

CO 

O) 

CM 

CO 

CM 

h^ 

in 

cjj 

CO 

00 

'M- 

CM 

CM 

CD 

i 

CM 

i 

hi 

d 

a>  o 

D.  2 

CO 

CM 

CO 

in 

CD 

1^ 

00 

O) 

o 

T— 

?! 

J 

CD 

h- 

00 

o> 

o 

CM 

S 

CM 

CM 

s 

m 

CM 

Ave. 

Loss 

(mg/cm 

2/24hr) 

o 

in 

CO 

o 

o 

1 

0.0425 

CM 

o 

o 

d 

0.0106 

CO 

O 

O 

d 

CM 

O 

O 

d 

0.0142 

96900 

in 

CO 

o 

o 

d 

1 

CO 

00 

o 

o 

d 

0.0094 

CD 

TT 

CD 

O 

d 

CD 

CO 

CM 

O 

d 

0.0118 

CM 

O 

o 

d 

0.0165 

0.0212 

CM 

o 

d 

CM 

o 

d 

0.0189  1 

0.0212 

CM 

O 

O 

d 

0.0260  1 

24  hours  of 
Immersion 
of  4340 
Steel 

Weight  (mg) 

CO 

CD 

00 

in 

00 

CJ) 

00 

in 

in 

d 

C3> 

in 

CM 

00 

00 

in 

CO 

h- 

in 

p 

5) 

in 

CM 

s 

in 

00 

CD 

O 

CD 

OO 

in 

cjj 

CD 

in 

o 

TT 

S 

o 

cd 

o 

CD 

CD 

in 

CM 

cd 

in 

CM 

CD 

m 

p 

o 

CD 

00 

CM 

CM 

CO 

o 

cd 

in 

u> 

h^ 

CD 

in 

00 

od 

OO 

in 

1^ 

h^ 

in 

CO 

in 

00 

m 

— 

CO 

cvi 

CD 

in 

o 

in 

cvi 

CO 

CM 

in 

CM 

N. 

T~ 

o 

CM 

CD 

CJ) 

CO 

CO 

CJ) 

CM 

in 

CD 

O) 

P> 

CO 

cvi 

00 

CO 

CO 

in 

00 

? 

CD 

cd 

CM 

O) 

CD 

CO 

in 

d 

CD 

CD 

CD 

T“ 

CO 

d 

s 

CO 

in 

cd 

CD 

O) 

CD 

CD 

d 

i 

p 

in 

TT 

CD 

_ 

s 

TT 

CD 

T— 

CO 

00 

CD 

5 

h-. 

T— 

in 

CO 

m 

00 

in 

cd 

00 

CD 

in 

CO 

cjj 

CM 

CM 

T— 

o 

cd 

CM 

CO 

CD 

00 

d 

cS 

h- 

CD 

_ i 

C7> 

CM 

00 

05 

CD 

o 

csi 

GO 

CO 

CJ5 

CO 

CM 

h- 

r- 

■M- 

CJ) 

CO 

CO 

CO 

00 

o 

CM 

o 

h*. 

M- 

OO 

CO 

CJ) 

CM 

CD 

CO 

m 

cjj 

CO 

CD 

in 

T“ 

cd 

CO 

CO 

CO 

CD 

d 

CD 

CM 

h- 

T~ 

h- 

cd 

o 

s 

00 

d 

CD 

hi 

p 

iri 

CD 

00 

CO 

CD 

CM 

in 

XT 

CD 

00 

CM 

CD 

00 

CD 

T“ 

CM 

in 

1 

CM 

od 

in 

s 

T— 

cd 

m 

00 

in 

00 

cd 

CD 

CD 

p 

CO 

00 

CD 

T— 

CM 

00 

h- 

CO 

00 

in 

00 

m 

< 

1 

- 1 

00 

CM 

S 

h-* 

O 

CD 

CO 

CO 

CM 

CD 

CD 

16510.1 

CD 

CO 

h- 

00 

T— 

CJ) 

T-^ 

CM 

1^ 

CD 

00 

cd 

CO 

hi 

T~ 

h-i 

t^ 

o 

cd 

1^ 

CD 

CO 

CD 

d 

M- 

O 

T— 

16934.1 

CD 

cd 

in 

cd 

tT 

TT 

CD 

p 

T“ 

CD 

CO 

in 

cd 

CD 

CM 

T“  j 

p 

CM 

CD 

p" 

CO 

CO 

CD 

CD 

cd 

CD 

00 

CD 

CM 

d 

CO 

CD 

in 

CO 

CM 

xr 

00 

'M- 

lO 

CM 

O) 

i 

CO 

in 

CO 

T“ 

1 

i 

! 

o 

<D  o 

_ ^ 

1 

CM  1 

CO 

1 

in 

Ico 

_ j 

N- 

00 

CJ) 

O  1 

T“ 
T~  ! 

CM 

CO 

in 

T- 

CD  jh^ 

55 

CD  1 

O  i 

CM  I 

icM 
CM  iCM 

S 

m 

CM 

Initial 
Weight  of 
4340  Steel 

CM 

0) 

<  O) 

1 

m 

CD 

OO 

in 

00 

a> 

00 

m 

in 

d 

C3> 

m 

CM 

ocj 

00 

in 

1 

CO 

hi 

in 

p 

O) 

in 

CO 

CJ) 

in 

CD 

cd 

o 

CO 

00 

in 

1 

cjj  i 
O) 
in  1 

i 

o 

o 

CO 

“f 

cd 

o 

CD 

! 

h-^ 

CD 

m 

CM 

00 

in 

M- 

csi 

CD 

in 

p 

O 

CD 

00 

csi 

CM 

CO 

p 

cd 

in 

m 

i 

T— 

h-* 

CD 

in 

00 

od 

00 

in 

in 

h^ 

h^ 

m 

CO 

in 

OO 

in 

CO 

cvi 

CD 

in 

1 

i 

I 

1 

1 

o 

o 

CO 

T~ 

CO 

m 

CM 

1^ 

o 

CM 

CD 

CO 

CO 

CO 

T“ 

CM 

CM 

in 

CD 

i 

o 

in 

CO 

CD 

CO 

00 

CO 

CO 

■r- 

r~ 

CM 

M- 

h^ 

CD 

CM 

CD 

i 

^ ! 
T-  1 

-! 

o 

CD 

CD 

col 

T— 

CO  ' 

Si 

CD  I 

16993.9 

CO 

CD 

p 

in 

m 

CD 

16491.6 

OO 

od 

CD 

5 

T- 

16512.1 

in 

h*^ 

in 

00 

m 

cd 

00 

CD 

in 

~o 

d 

CO 

CM 

h- 

CM  1 
CM  ! 
CO  1 
CD  1 
^  , 

17341.51 

m 

▼“ 

00 

05 

CO 

CM 

CO 

00 

CO 

CO 

CJ) 

CO 

CM 

N. 

CJ) 

CO 

CO 

in 

00 

o 

▼“ 

"col 

CO 

o 

h- 

o 

cvi 

OO 

CO 

T- 

CO 

CD 

CO 

T— 

CD 

O) 

CO 

CO 

m 

T~ 

16633.6 

o 

CM 

17410.5 

p 

5 

CO 

cd 

CD 

00 

CD 

0) 

CM 

in 

'SJ' 

CD 

cd 

CD 

00 

CD 

T— 

in 

TT 

CO 

CO 

13458.6 

CD  1 

in 

00 

m 

O) 

cd 

1^ 

CD 

CD 

p 

in 

CO 

00 

CD 

h^ 

00 

CD 

CD 

00 

CD 

in 

1 

1 

< 

i 

- L 

00 

05 

O 

Jo 

y-  \ 

tT 

00 

o 

CO 

CO 

CD 

CM 

CD 

CD 

CO 

d 

in 

CO 

T“ 

N. 

00 

lO 

s 

CD 

p 

CO 

fli 

CD 

ocj 

1^ 

O 

N- 

M- 

cd 

N- 

CD 

CD 

17041.1 

p  j 

CO 

CD 

CO 

17708.1 

o 

CD 

h-; 

5) 

CO 

in 

CO 

cd 

O) 

CM 

CO 

CM 

CO 

h- 

in 

n! 

CO 

CD 

16897.0 

CD 

d 

rh 

CO 

CD 

cd 

CO 

CM 

5 

00 

cd 

CD 

CD 

in 

cd 

CD 

hi 

d 

0  o 

Q.  2 

_ ^ 

i 

i 

CM  1 

CO 

i 

in 

col 

h-  ! 

ooio>i? 

- 

CM 

M- 

in 

CO 

T“ 

00 

1 

CD 

o  i 

CM  1 

T~ 

CM 

CM  I'M- 
CM  jCM 

in 

CM 

y 

o 

O 

o 

—  r,!. 

o 

O 

O 

O 

o 

o 

T- 

d* 

O 

o 

o 

d* 

O 

d^ 

o 

o 

d^ 

O 

T- 

'<8 

o 

o 

T“ 

'<8  1 
d  1 

O  i 

i 

i 

1 

— i— 
i 

Cleaners 

Aerosolve 

2000 

1 

si 

CO  ! 

<i 

ICallasolve  120 

1 

1 

i 

Q-i  \B 

0 !  1  0  j 

Jr 

0.  '  ! 

42'  ;  9-1 

ti  !  O  1 

TO  !  JC 

CL!  CO' 

Solvall  5234 

lAxarel  56 

[BioActllS 

X 

Desoclean  45 

|lso  Propyl 

Magnuflux 

SKC-HF 

O 

00 

CD 

O 

1 

Jt. 

iTeksol  EP 

|Tpc  solvent 

00 

O 

1 

CO 

1  Electron  NDE 

4-17 


Un-Painted  Surfaces 


Titanium 


Cone. 

Initial 

Appearance  of 
Titanium 

3-5  Minutes  of 
Immersion  of 
Titanium 

After  Oven  (30  min) 
Cycle  And  Rinsing 

.. 

After  30  Min  Drying 
Time 

Cleaners 

DS-108 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Electron  NDE 

_ 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Iso  Propyl 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

P-D  680 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Citrex 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Desoclean  45 

full 

normal 

1  no  visible  change 

no  visible  change 

no  visible  change 

Magnuflux  SKC-HF 

full 

normal 

_ _ 1 

no  visible  change 

no  visible  change 

no  visible  change 

BioAct  113 

full 

normal 

1  no  visible  change 

no  visible  change 

no  visible  change 

Teksol  EP 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Axarel  56 

full 

normal 

no  visible  change 

no  visible  change  ! 

no  visible  change 

Tpc  solvent 

full 

normal 

i  no  visible  change 

no  visible  change  | 

no  visible  change 

Aerosolve  2000 


Alk-660 


Callasolve  120 


Parts  Prep 


ShopMaster 


Solvall  5234 


100% 
10% 
'  100% 
10% 
"  100% 
10% 
'  100% 
10% 
'  100% 
10% 
"  100% 
10% 


normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 


no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 


change 

change 

change  | 

change 

change 

change 

change 

change 

change 

change 

change 

change 


no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 


change 

change 

change 

change 

change 

change 

change 

change 

change 

change 

change 

change 


no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 


change 

change 

change 

change 

change 

change 

change 

change 

change 

change 

change 

change 


4-18 


Un-Painted  Surfaces 


Aluminum 


Cone. 

Initial 

Appearance  of 
Aluminum 

3-5  Minutes  of 
Immersion  of 
Aluminum 

1 

After  Oven  (30  min) 
Cycle  And  Rinsing 

After  30  Min  Drying 
Time 

1 

Cleaners 

DS-108 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Electron  NDE 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Iso  Propyl 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

P-D  680 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Citrex 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Desoclean  45 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Magnuflux  SKC-HF 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

BioAct113 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Teksol  EP 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Axarel  56 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

tpc  solvent 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Aerosolve  2000 


Alk-660 


Callasolve  120 


Parts  Prep 
ShopMaster 


Solvall  5234 


up 

IPM 

jEE_ 

B 


normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 

normal 


no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 


change 

change 

change 

change 

change 

change 

change 

change 

change 

change 

change 

change 


no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 
no  visible 


change  no 
change  |  no 
change  i  no 
change  no 
change  no 
change  no 
change  no 
change  no 
change  no 
change  no 
change  no 
change  |  no 


visible 

visible 

visible 

visible 

visible 

visible 

visible 

visible 

visible 

visible 

visible 

visible 


change 

change 

change 

change 

change 

change 

change 

change 

change 

change 

change 

change 


4-19 


Un-Painted  Surfaces 
AM-355 


Cone. 

Initial 

Appearance  of 
AM-355 

3-5  Minutes  of 
Immersion  of  AM- 
355 

After  Oven  (30  min) 
Cycle  And  Rinsing 

After  30  Min  Drying 
Time 

Cleaners 

DS-108 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Electron  NDE 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Iso  Propyl 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

P-D  680 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

CItrex 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

besoclean  45 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Magnuflux  SKC-HF 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

BioAct  113 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

teksol  EP 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Axarel  56 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Tpc  solvent 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Aerosolve  2000 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Alk-660 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Callasolve  120 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal  i  no  visible  change 

no  visible  change 

no  visible  change 

Parts  Prep 

100% 

normal 

no  visible  change 

no  visible  change  | 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change  1 

no  visible  change 

ShopMaster 

100% 

normal 

no  visible  change 

no  visible  change  | 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Solvall  5234 

O 

O 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

4-20 


Un-Painted  Surfaces 


PH  13-8 


I 

I 

Cone. 

Initial 

Appearance  of 
PH  13-8 

1 

3-5  Minutes  of 
Immersion  of  PH 
13-8 

After  Oven  (30  min) 
Cycie  And  Rinsing 

After  30  Min  Drying 
Time 

Cleaners 

i 

i 

DS-108 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Electron  NDE 

full 

_ I 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Iso  Propyl 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

P-D  680 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Citrex 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Desoclean  45 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Magnuflux  SKC-HF 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

BioAct  113 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Teksol  EP 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Axarel  56 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Tpc  solvent 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Aerosolve  2000 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Alk-660 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Callasolve  120 

100% 

normal 

no  visible  change  j 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Parts  Prep 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

ShopMaster 

100% 

normal 

no  visible  change  ; 

no  visible  change 

no  visible  change 

'  10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Solvall  5234 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Un-Painted  Surfaces 


C-250 


. 

Cone. 

Initial 

Appearance  of  C 
250 

3-5  Minutes  of 
Immersion  of  C- 
250 

After  Oven  (30  min) 
Cycle  And  Rinsing 

After  30  Min  Drying 
Time 

Cleaners 

DS-108 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Electron  NDE 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Iso  Propyl 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

P-D  680 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Citrex 

full 

normal  j 

no  visible  change 

no  visible  change 

no  visible  change 

Desoclean  45 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Magnuflux  SKC-HF 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

BioAct113 

full 

normal 

no  visible  change 

no  visible  change  ! 
no  visible  change 

no  visible  change 

Teksol  EP 

full 

normal 

no  visible  change 

no  visible  change 

Axarel  56 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Tpc  solvent 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Aerosolve  2000 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Alk-660 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Callasolve  120 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Parts  Prep 

100% 

normal  | 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

ShopMaster 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 
no  visible  change 

no  visible  change 

no  visible  change 

Solvall  5234 

100% 

normal 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

4-22 


Un-Painted  Surfaces 


4340  Steel 

Cone. 

— 

Initial 

Appearance  of 
4340 

3-5  Minutes  of 
Immersion  of  4340 

_ 

After  Oven  (30  min) 
Cycle  And  Rinsing 

After  30  Min  Drying 
Time 

Cleaners 

I 

DS-108 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Electron  NDE 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Iso  Propyl 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

P-D  680 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Citrex 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Desoclean  45 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Magnuflux  SKC-HF 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

BioAct  113 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Teksol  EP 

full 

— 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Axarel  56 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Tpc  solvent 

full 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

i 

Aerosolve  2000 

100% 

normal 

no  visible  change 

r  no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Alk-660 

100% 

normal  | 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Callasolve  120 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Parts  Prep 

100% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

ShopMaster 

100% 

normal  1 

- 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal 

no  visible  change 

no  visible  change 

no  visible  change 

Solvall  5234 

100% 

normal  i 

_ _ 1 

no  visible  change 

no  visible  change 

no  visible  change 

10% 

normal  | 

no  visible  change 

no  visible  change 

no  visible  change 

4-23 


Sandwich  Corrosion 


A,C,E,G,I,K  are  tops;  B,  D,  F,  H,  J,  L  are  bottoms 


Titanium 

! 

1 

i 

Corrosion 

Cleaners 

Number  Panel 

.  Initial 

General  Comments 

Appearance 

Severity  Rating 

1,1,1  Trichloroethane 

1  A 

LS 

0 

unaffected 

B 

LS 

0 

unaffected 

LS 

0 

unaffected 

i  ° 

LS 

0 

unaffected 

E 

LS 

0 

unaffected 

F 

LS 

0 

unaffected 

Aqueous 

Aerosolve  2000 

Concentrated  2  A 

LS 

0 

unaffected 

i  B 

LS 

0 

unaffected 

:  ^  c 

LS 

0 

unaffected 

LS 

0 

unaffected 

LS 

0 

unaffected 

i  F 

~  LS 

0 

unaffected 

Dilution  (1:10)  3  G 

LS 

_ 0 _ 

unaffected 

H 

LS 

_ 

0 

_ 1 

unaffected 

1 _ 

1 

LS 

_ : 

u  0 

unaffected 

J 

LS 

0 

1  unaffected 

K 

LS 

0 

unaffected 

!  1  L 

LS 

0 

unaffected 

ALK  660 

Concentrated  4  1  A 

LS 

0 

unaffected 

1  B 

I 

LS 

0 

unaffected 

i  ^  I  c 

j  LS 

^  0 

1  unaffected 

i  i  !  D 

LS 

0 

unaffected 

j  i  E 

1  1  i  ■ 

LS 

0 

,  unaffected 

1  ^  1  ^ 

LS 

1  0 

unaffected 

Dilution  (1:10)  15  0 

;  LS 

I  0 

unaffected 

1  .  ;  H 

LS 

0 

unaffected 

i  ill 

^  LS 

i  0 

j _ 

unaffected 

i  ;  ;  J 

LS 

I  0 

unaffected 

1  ^  nr” 

i  LS 

J _ 

!  0 

1  unaffected 

!  i  L 

j  LS 

!  0 

i  unaffected 

Callasolve  120 

Concentrated 

6 

A 

LS 

0 

unaffected 

_ 

B 

LS 

0 

unaffected 

C 

LS 

0 

unaffected 

D 

LS 

0 

unaffected 

i  E 

LS 

0 

unaffected 

F’ 

LS 

0 

unaffected 

Dilution  (1:10) 

7 

G 

LS 

0 

unaffected 

H 

LS 

0 

unaffected 

I 

LS 

0 

unaffected 

J 

LS 

0 

unaffected 

_ 1 

K 

LS 

i  ■  ■  1 

0  i 

1  i 

unaffected 

1 

i 

1 

1 

L  j 

LS  1 

0 

unaffected 

Parts  Prep 


I  Concentrated 


Dilution  (1:10)  | 


Shop  Master 


i  Concentrated 


Dilution  (1:10)  I 


Solvall  5234 


I  Concentrated 


I  Dilution  (1:10) 


unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 


very  light  staining 
corrosion  is  greater  on  bottom 
very  light  staining 
corrosion  is  greater  on  bottom 
very  light  staining 
corrosion  is  greater  on  bottom 
outline  of  filter  paper 
unaffected 
unaffected 
unaffected 
unaffected 
unaffected 


unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

_ unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 


4-25 


Solvents 

AXAREL  56 

14  A 

LS 

0 

unaffected 

B 

LS 

0 

unaffected 

C 

LS 

0 

unaffected 

D 

LS 

0 

unaffected 

_ ^ _  E 

LS 

0 

unaffected 

I  F 

LS 

0 

unaffected 

BioAct  113 

_  1  15  A 

LS 

0 

unaffected 

B 

LS 

0 

unaffected 

C 

LS 

0 

unaffected 

_ ^ _ 1  D 

LS 

0 

unaffected 

i  1  E 

LS 

0 

unaffected 

i  F 

LS 

0 

unaffected 

Citrex 

i  16  A 

LS 

0 

unaffected 

_ I  i  B 

LS 

0 

unaffected 

c 

LS 

0 

unaffected 

D 

LS 

0 

unaffected 

_ 

E 

LS 

0 

unaffected 

F 

LS 

0 

unaffected 

Desoclean  45 

17  A 

LS 

1  0 

unaffected 

B 

LS 

0 

unaffected 

_  1  c 

LS 

0 

unaffected 

_ ^ _ 1  D 

_ ES 

0 

unaffected 

i  i  E 

LS 

0 

unaffected 

1  F 

LS 

0 

unaffected 

Iso  Propyl 

18  A 

_ 1 _ 

LS 

0 

unaffected 

1 

!  B 

LS 

0  : 

unaffected 

;  ;  c 

LS 

0  : 

1 

unaffected 

■  i  D 

LS  i 

0 

unaffected 

I  !  E 

LS  ! 

1 

0 

unaffected 

i 

F 

LS  i 

0  1 

unaffected 

Spotcheck  SKC-HF  i 

!  19  ;  A 

LS  1 

0  i 

unaffected 

_ i 

B 

LS 

0  1 

unaffected 

1 

i 

C 

LS  ! 

0  1 

unaffected 

D 

LS  i 

0  : 

unaffected 

i 

!  E 

LS 

0  i 

unaffected 

i 

i  F 

LS  i 

0 

unaffected 

4-26 


4-27 


o  o 


;  '  0  1 

unaffected 

__i 

0 

unaffected 

j 

0  ! 

1 

unaffected 

0 

unaffected 

0  I 

unaffected 

0  i 

unaffected 

0  1 

unaffected 

0  ! 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

;  0 

unaffected 

0 

1  unaffected 

!  0 

unaffected 

^  0  ^ 

!  unaffected 

L _ 

1  0 

unaffected 

i  0 

1  unaffected 

1  0 

unaffected 

0 

unaffected 

0 

unaffected 

!  0 

unaffected 

0 

unaffected 

0 

1  unaffected 

'  0 

unaffected 

0 

unaffected 

0 

unaffected 

0 

unaffected 

1 

0 

!  unaffected 

Aluminum 


Cleaners 

Number 

Panel 

^  Initial 
Appearance 

Corrosion 
Severity  Rating 

General  Comments 

1 1 1  Trichloroethane 

1 

_ 

A 

G 

0 

unaffected 

B 

G 

0 

unaffected 

C 

G 

0 

unaffected 

D 

G 

0 

unaffected 

; 

E 

G 

0 

unaffected 

Aqueous 

■ 

Aerosolve  2000 

Concentrated 

_ t _ 

A 

G 

0 

unaffected 

B 

G 

0 

unaffected 

_ 

c 

G  ; 

0 

unaffected 

D 

_ i _ 

G  ! 

0 

unaffected 

E 

G 

0 

unaffected 

F 

G  1 

0 

unaffected 

Dilution  (1:10) 

3 

G 

G  I 

0 

unaffected 

H 

G 

0 

unaffected 

I 

G 

0 

unaffected 

I 

- i 

J 

G 

0 

unaffected 

K 

G 

0  i 

unaffected 

L 

G 

0 

unaffected 

ALK  660 


Concentrated 


Dilution  (1:10) 
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0 

unaffected 

'  E 

G 

0 

unaffected 

1  F 

G 

0 

unaffected 

Distilled  Water 

! 

i - 

23  !  A 

1 _ _ 

G 

2 

i 

1  moderate  corrosion 

B 

}  2 

moderate  corrosion 

!  C 

_ 1 _ 

G 

1  1 

slight  corrosion 

- 1 

1 - 1 

_ 1  D 

G 

1 

slight  corrosion 

- i 

i _ i 

1  1  E 

G 

!  2 

moderate  corrosion 

:  :  F 

G 

;  2  ; 

moderate  corrosion 

DS-108 

;  24  1  A 

G 

0  ! 

1  1 

unaffected 

j 

_ 1 

B 

G 

0 

unaffected 

I 

— 

'  C 

G 

0 

unaffected 

D 

_ 

G 

1 

0 

unaffected 

_ .  E  , 

G 

0 

unaffected 

F 

G 

i  0  1 

unaffected 

Electron  NDE  i 

25  A 

G 

0 

unaffected 

j 

1  B 

_ 1 _ 

G 

0 

unaffected 

— 

i  C 

G 

0 

unaffected 

;  D 

_ 1 _ 

G 

0 

,  1 

unaffected 

— 

E 

G 

0  ^ 

unaffected 

1 

i 

1  F 

G 

0 

unaffected 

4340 


Cleaners 

Number 

Panel 

. . . . . . 

^  Initial 
Appearance 

Corrosion 
Severity  Rating 

General  Comments 

1 1 1  Trichloroethane 

1 

A 

LS 

3 

moderate  corrosion,  light  pitting 

B 

LS 

3 

moderate  corrosion,  light  pitting 

c 

LS 

3 

. . . 

moderate  corrosion,  light  pitting 

D 

LS 

3 

moderate  corrosion,  light  pitting 

E 

LS 

3 

moderate  corrosion,  light  pitting 

F 

LS 

3 

moderate  corrosion,  light  pitting 

Aqueous 

Aerosolve  2000 

Concentrated 

2 

A 

LS 

2 

slight  corrosion,  light  pitting 

. 

B 

LS 

2 

slight  corrosion,  light  pitting 

C 

LS 

2 

slight  corrosion,  light  pitting 

D 

LS 

2 

slight  corrosion,  light  pitting 

E 

LS 

2 

slight  corrosion,  light  pitting 

: 

F 

LS 

2 

slight  corrosion,  light  pitting 

Dilution  (1:10) 

3 

G 

LS 

3 

moderate  corrosion,  light  pitting 

_ 

H 

LS 

3 

moderate  corrosion,  light  pitting 

I 

LS 

3 

moderate  corrosion,  light  pitting 

_ 

_ 

J 

LS 

3 

moderate  corrosion,  light  pitting 

• 

K 

LS 

3 

moderate  corrosion,  light  pitting 

L 

LS 

3 

moderate  corrosion,  light  pitting 

ALK  660 

Concentrated 

4 

A 

LS 

0 

unaffected 

B 

LS 

0 

unaffected 

C 

LS 

0 

unaffected 

D 

LS 

0 

unaffected 

E 

LS 

0 

unaffected 

F 

LS 

0 

unaffected 

Dilution  (1:10) 

5 

G 

LS 

: .  ! 

2 

slight  corrosion,  light  pitting 

H 

1 

LS  ; 

2 

slight  corrosion,  light  pitting 

I 

LS  ! 

2 

slight  corrosion,  light  pitting 

J 

LS 

2 

slight  corrosion,  light  pitting 

^  1 

LS 

2 

slight  corrosion,  light  pitting 

1 

j 

L 

LS  1 

2 

slight  corrosion,  light  pitting 

Callasolve  120 

Concentrated 

6 

A 

LS 

1-2 

slight  corrosion,  light  pitting 

LS  i 

1-2 

slight  corrosion,  light  pitting 

_ 

;  c 

LS 

1-2 

slight  corrosion,  light  pitting 

D 

LS 

1-2 

slight  corrosion,  light  pitting 

E 

LS 

1-2 

slight  corrosion,  light  pitting 

_ 

F 

LS 

1-2  1 

slight  corrosion,  light  pitting 

Dilution  (1:10) 

7 

G 

LS  1 

1-2 

slight  corrosion,  light  pitting 

H 

LS 

1-2  1 

slight  corrosion,  light  pitting 

I 

LS  ; 

1-2 

slight  corrosion,  light  pitting 

J 

LS 

slight  corrosion,  light  pitting 

_ 1 

K 

LS 

1-2 

slight  corrosion,  light  pitting 

! 

L 

LS 

1-2 

slight  corrosion,  light  pitting 

4-44 


Parts  Prep 

Concentrated  8 

A 

LS 

0 

unaffected 

j 

B 

LS 

0 

unaffected 

C 

LS 

0 

unaffected 

D 

LS 

0 

unaffected 

E 

LS 

0 

unaffected 

F 

LS 

0 

unaffected 

Dilution  (1:10)  9 

A 

LS 

1-2 

slight  corrosion,  light  pitting 

B 

LS 

1-2 

slight  corrosion,  light  pitting 

C 

LS 

1-2 

slight  corrosion,  light  pitting 

D 

LS 

1-2 

slight  corrosion,  light  pitting 

1 

E 

LS 

1-2 

slight  corrosion,  light  pitting 

F 

LS 

1-2 

slight  corrosion,  light  pitting 

Shop  Master 

Concentrated  10 

A 

LS 

0 

unaffected 

B 

LS 

0 

unaffected 

- - 

c 

LS 

0 

unaffected 

D 

LS 

0 

unaffected 

J _ 

E 

LS 

0 

unaffected 

F 

LS 

0 

unaffected 

Dilution  (1:10)  11 

A  i 

LS 

2 

slight  corrosion, light  pitting 

1 _ ^ _ 1 

B 

1 _ 

LS 

2 

slight  corrosion, light  pitting 

- i _ 1 

c 

LS 

2  ! 

slight  corrosion, light  pitting 

1 

!  i 

D 

LS 

2 

slight  corrosion, light  pitting 

- j 

1  i 

- i - 1 

E 

LS 

1 

corrosion  outline 

F 

LS 

1 

corrosion  outline 

Solvall  5234 

Concentrated  12 

A 

LS 

1-2 

slight  corrosion, light  pitting 

1 

1 

B 

LS 

1-2 

slight  corrosion,light  pitting 

c  1 

LS 

1-2  1 

slight  corrosion,light  pitting 

- - - 1 

j 

D  1 

LS 

1-2 

slight  corrosion, light  pitting 

E  ! 

LS 

1-2  ! 

slight  corrosion,light  pitting 

F 

LS  1 

1-2  i 

slight  corrosion,light  pitting 

Dilution  (1:10)  13 

A  i 

LS  i 

2 

slight  corrosion,light  pitting 

j  ; 

_ i _ i 

B 

LS  I 

2 

1 

slight  corrosion,light  pitting 

i  i 

1  1 

c  J 

LS 

2 

slight  corrosion,light  pitting 

_J _  1 

D  ; 

_ i 

LS  "i 

2 

slight  corrosion,light  pitting 

E 

LS 

2 

slight  corrosion,  light  pitting 

F  I 

LS 

2  i 

slight  corrosion,light  pitting 

4-45 


Solvents 

i  1 

AXAREL  56 

14 

A 

LS 

1-2 

.  . . 

slight  corrosion, light  pitting 

B 

LS 

1-2 

slight  corrosion, light  pitting 

C 

LS 

1-2 

slight  corrosion,light  pitting 

D 

LS 

1-2 

slight  corrosion, light  pitting 

E 

LS 

1-2 

slight  corrosion, light  pitting 

F 

LS 

1-2 

slight  corrosion, light  pitting 

BioAct  113  I 

15 

A 

LS 

2 

slight  corrosion,  light  pitting 

B 

LS 

2 

slight  corrosion,  light  pitting 

C 

LS 

2 

slight  corrosion,light  pitting 

D 

LS 

2 

slight  corrosion,light  pitting 

E 

LS 

2 

slight  corrosion,  light  pitting 

F 

LS 

2 

slight  corrosion,  light  pitting 

Citrex 

16 

A 

LS 

0 

unaffected 

B  1 

LS 

:  0 

unaffected 

c 

LS 

0 

unaffected 

D 

1 _ 1 

LS 

'  0 

unaffected 

E 

1  i 

LS 

0 

unaffected 

!  F 

LS 

1  0 

unaffected 

Desoclean  45 

_ 

17 

1  A  ; 
1  1 

LS 

1  2 

mild  corrosion,  light  pitting 

1 

B 

LS 

1 

2 

1 

mild  corrosion,  light  pitting 

c 

LS 

2 

mild  corrosion,  light  pitting 

i 

; 

D 

LS 

2  ! 

mild  corrosion,  light  pitting 

i 

E 

LS 

1 

!  2 

[ 

mild  corrosion,  light  pitting 

1 

i  F 

LS 

2 

mild  corrosion,  light  pitting 

A 

LS 

2-3 

B 

LS 

2-3 

c 

.  LS  j 

2-3 

D 

LS  i 

2-3 

slight  corrosion, light  pitting 

slight  corrosion,light  pitting 

slight  corrosion, light  pitting 

slight  corrosion,light  pitting 

slight  corrosion,light  pitting 

slight  corrosion,light  pitting 

Spotcheck  SKC-HF 

19  j  A 

LS  1  2 

mild  corrosion,  light  pitting 

1  B 

LS 

2 

1  mild  corrosion,  light  pitting 

I  C  ; 

_ 1 _ i 

LS 

2 

i  mild  corrosion,  light  pitting 

;  D  1 

LS 

2 

mild  corrosion,  light  pitting 

i  E  I 

LS  ; 

2 

mild  corrosion,  light  pitting 

i 

1  1  F  1 

LS 

2 

1  mild  corrosion,  light  pitting 

4-46 


P-D  680 

20 

A 

LS 

2 

mild  corrosion,  light  pitting 

B 

LS 

2 

mild  corrosion,  light  pitting 

C 

LS 

2 

mild  corrosion,  light  pitting 

D 

LS 

2 

mild  corrosion,  light  pitting 

E 

LS 

2 

mild  corrosion,  light  pitting 

F 

LS 

2 

mild  corrosion,  light  pitting 

Teksol  EP 

21 

A 

LS 

2 

mild  corrosion,  light  pitting 

B 

LS 

2 

mild  corrosion,  light  pitting 

_ 

C 

_ ^ _ 

LS 

2 

mild  corrosion,  light  pitting 

D 

LS 

2 

mild  corrosion,  light  pitting 

E 

LS 

2 

mild  corrosion,  light  pitting 

F 

LS 

2 

mild  corrosion,  light  pitting 

TPC  solvent 

22 

A 

LS 

2 

mild  corrosion,  light  pitting 

B 

LS 

2 

mild  corrosion,  light  pitting 

C 

LS 

2 

mild  corrosion,  light  pitting 

D 

LS 

2 

mild  corrosion,  light  pitting 

• 

E 

LS 

2 

mild  corrosion,  light  pitting 

F 

LS 

2 

mild  corrosion,  light  pitting 

Distilled  Water 

L-.a 

L ,  LS  i 

3 

mild  corrosion 

- - - i 

i 

B 

LS  i 

3 

mild  corrosion 

i _ 

C 

LS  ! 

3 

mild  corrosion 

— 

1  1 

1 _ 1 

D 

LS  1 

3 

mild  corrosion 

^ _ i 

E 

LS 

3 

mild  corrosion 

j 

F 

LS 

3 

mild  corrosion 

bS-108 

_-24  i 

A 

LS  i 

2  : 

mild  corrosion,  light  pitting 

i 

B 

LS 

2 

mild  corrosion,  light  pitting 

- i 

C  i 

_ \ 

LS 

2 

mild  corrosion,  light  pitting 

i 

- - [ 

_ i 

_ i 

D  i 

LS  I 

2 

mild  corrosion,  light  pitting 

E  i 

LS  I 

2  i 

mild  corrosion,  light  pitting 

1 

F  I 

LS  1 

2  1 

mild  corrosion,  light  pitting 

Electron  NDE 

25 

A 

LS  ! 

2  I 

mild  corrosion,  light  pitting 

B 

LS 

1 

2  1 

mild  corrosion,  light  pitting 

_ 1 

c 

LS 

2  i 

mild  corrosion,  light  pitting 

D 

_ L 

LS  1 

mild  corrosion,  light  pitting 

E  : 

LS  i 

2  i 

mild  corrosion,  light  pitting 

j 

F  i 

LS 

2  ' 

mild  corrosion,  light  pitting 

4-47 


Stress  Corrosion 

j 

i  . ■ 

Titanium 

! 

uscepuDiiity  to  stress  corrosion  cracking 


Agent 

3%  NaCl  Solution 
Time  -  8  hrs. 

Temp.  -  900F  for  all  cleaners 
Control  Specimens  ~ 


Sample  Number 


Temp.  (F) 


Optical  and  Metallurgical  Examination 
visible  cracking 
visible  cracking 
visible  Cracking  ^ 

visible  cracking 
visible  cracking 
unaffected 
unaffected 
unaffected 


Cleaners 


richloroethane 


Number 


queous  | 

_ 

1  ^ 

;oncentrate 


oncentrate 


unattecte 

unaffecte 

unaffecte 


unattecte 

unaffecte 

unaffecte 


A 

unattected 

B 

unaffected 

C 

unaffected 

so  rropyi 


unaffecte 


unattecte 
una 
unaffecte 


unaffected 

unaffected 

unaffected 


unattecte 

unaffected” 

unaffected 


leksol  bF 

21 

unattecte 

B 

unaffecte 

C 

unaffecte 

..  solvent 

22 

unaiiected 

B 

unaffected 

L 

C 

unaffected 

'ater 

unattecte 

unaffected 

unaffected 


unattecte 

unaffecte 

unaffecte 


unattecte 

unaffecte 

unaffecte 


uminum  , 


^usceptiDiiity  to  stress  corrosion  cracking 
Agent  Sample  Number 

3%  NaCl  Solution  I 

2 

3 

4 

_  5 

Control  Specimens  1 


Cleaners 

IT  1  Irichloroethane 


Time 
104  hrs. 
104  hrs. 
104  hrs. 
HR  hrs. 
104  hrs. 

104  hrs. 
104  hrs. 
104  hrs. 


Temp.  (F) 
550 
550 
550 
550 
550 


350 

~550 

Sample 

— X — 
B 


dlRetallurgical  Examination 
"visible  cracking 
Visible  cracking  ~ 

Visible  cracking 
visible  cracking 
visible  cracking  ^ 


unafiected 

unaffected 

unaffected 


unaffected 
unaffected 
ec 


Concentrated 


oncentrate 


-concentrated 


unaffecte 
unaffecte 
unaffecte 
unaffected 
unaffected  ~ 
unaffected 
unaffected 
unaffected 
unaffected 


ec 

Aanaffecte 

unaffected 

unaffected 

unaffecte 


B 

C 

— 

_ 

_ 

uistiiied  Water 

- 35 - 

- X - 

unaffected 

B 

unaffected 

TO"- 1  fig - 

c 

unaffected 

_  B 

"unaffected 

unaffecte 

unaffecte 

unaffecte 


usceptiDiiity  to  stress  corrosion  cracking 


Agent 

3%  NaCl  Solution 


Sample  Number 
1 


Control  Specimens 


Cleaners 


nchloroethane 


Time 

!  Temp.  (F) 

Optical  and  Metallurgical 

92  hrs. 

825 

unaffected 

92  hrs. 

825 

unaffected 

92  hrs. 

825 

unaffected 

92  hrs. 

825 

unaffected 

92  hrs. 

825 

unaffected 

92  hrs. 

825 

unaffected 

92  hrs. 

823 

unaffected 

92  hrs. 

825 

unaffected 

92  hrs. 

823 

unaffected 

arts  Frep 


op  Master 


Sample 


A 

B 

~“C 


A 

unaffecte 

B 

unaffecte 

C 

unaffecte 

B 

C 

Concentrated 

6 

A 

B 

C 

ec 

unaffected 

unaffected 


ec 

unaffected 

unaffected 


unaffecte 

unaffecte 


unatiecte 

unaffected 

un®ected 


unaffecte 

unaffected 


- X - 

unaffected 

B 

unaffected 

C 

unaffected 

- X - 

unaftecte 

B 

unaffecte 

C 

unaffecte 

A 

unaffecte 

B 

unaffecte 

C 

unaffecte 

B 

■  "'C  "  ' 

21 

A 

unaffecte 

B 

unaffecte 

C 

unaffecte 

unaffecte 

unaffecte 

Unaffecte 


ec 

unaffecte 


uscepiipiiity  10  stress  corrosion  cracking 

Sample  Number 

3%NaCl  Solution  ^  I 


Control  Specimens 


Cleaners 


nchloroethane 


queous 


niBiil 


Time 
120  hrs. 
T20hrs. 
120  hrs. 
T2“0hrs. 
“120  hrs. 
120  hrs. 

120  hrs. 
T20hrs. 
T20  hrs. 


Temp.  (F) 
825 
825 
825 
825 
825 
825 


)ptical  and  Metallurgical  Examination 
visible  cracking 
^iSble  cracking 
visible  cracking 
visible  cracking  T 

visible  cracking  T 

^  visible  cracking 


unaffected 

unaffected 

unaffected 


unattecte 

unaffected 

unaffected 


oncentrate 


_ 

B 

op  Master 


concentrated 


oncentrated 


Parts  Prep 

Concentrated 

8 

A 

B 

C 

ec 

ec 


ec 

ec 

ec 


unattecte 
unaffected 


ec 

ec 


unattected 

unaffected 

imaffected 


unattected 

unaffected 

unaffected 


B 

c 

Jesoclean  45 


B 

C 

1  PC  solvent 


stilled  Water 


unattecte 

unaffected 

unaffected 

unatfecte 

unaffecte 

unaffecte 

Unattected 

unaffected 

unaffected 


Spotcheck  SK.C-HF 

19 - 

A 

unattected 

B 

unaffected 

C 

unaffected 

unattected 

Unaffected 

unaffected 

unattected 

“unaffected 

unaff^^d~ 


unattecte 


unattected 
“unaffected 
unaffected 
unattected 
unaffected 
“unaRected 


usceptiDiiity  to  stress  corrosion  cracking 
Agent  Sample  Number 

3%  NaCl  Solution  I 

2 

3 

4 

5 


ontrol  Specimens 


Time 

Temp.  (F 

168  hrs. 

750 

168  hrs. 

750 

168  hrs. 

750 

168  hrs. 

75(r~ 

16S  hrs. 

750 

168  hrs. 

750 

1 

168  hrs. 

750 

168  hrs. 

7JU~ 

168  hrs. 

750 

Sample 

Optical  and  Metallurgical  Examination 
visible  cracking 
visible  cracking 
visible  cracking 
visible  cracking 
visible  cracking  ^ 

^  visible  cracking 

unaffected 

un®ected  ^ 


1 1 1  Trichloroethane 

A 

unaffecte 

B 

unaffecte 

C 

unaffecte 

queous 


concentrate 


Aerosolve  ZUUU 

Concentrated 

1  A 

unattected 

B 

unaffected 

C 

unaffected 

Concentrated 

3 - 

- X - 

unatfecte( 

B 

unaffecte( 

C 

unaffecte( 

unattecte 

unaffecte 

unaffecte 


Parts  Prep 

Concentrated 

- s - 

- A - 

unaffected 

B 

unaffected 

C 

unaffected 

oncentrate 


unaffected 

unaffected 

unaffected 


DO 

14 

A 

unattected 

B 

unaffected 

« 

C 

unaffected 

B - 

A 

unattecte 

B 

unaffecte 

“C 

unaffecte 

unattecte 

unaffecte 

unaffecte 


K - 

unaffecte 

B 

unaffecte 

C 

unaffecte 

unattecte 

’unaffected” 

unaff^te^ 


- ^ - 

unattecte 

B 

unaffecte 

C 

unaffecte 

_ 

B 

ec 

ec 

ec 


unattecte 

unaffected 

unaffected 


unattecte 

unaffecte 


Agent 

3%  NaCl  Solution 


stress  corrosion  cracKing 

^  Sample  Number 


Control  Specimens 


Cleaners 


richloroethane 


queous 


erosoive 


;  solvent 


Time 
168  hrs. 
168  hrs. 
l68liTs. 
T68  hrs. 
168  hrs. 
168  hrs. 

168  hrs. 
lF8hrs. 
168  hrs. 


Temp,  (F) 
“823 
825 
825 
825 
825 
825 


optical  and  Metallurgical  Examination 
unaffected 
unaffected 
unaffected 
unaffected 

unaffected  T 

^  unaffected 

unaffected 

unaffected 

unaffected 


unattecte 

unaffecte 

unaffecte 


unarrecte 

unaffected 

unaffected 


B 

- — 

_ 

C 

1*) 

- Ti. - 

B 

C 

unaitecte 

unaffecte 

unaffecte 

unaffecte 

unaffecte 

unaffecte 

unaffected 

unaffected 

unaffected 


ec 

unaffected 


ec 


ec 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 

unaffected 


ec 


Hydrogen  Embrittlement 


4340  Steel 

I  Determination  of  Notch  Bend  Strength 


Sample  Number 

Initial  Diameter  (in.) 

Diameter  at  Fracture  (in.) 

Change  in  Diameter  (in.) 

1 

1.973 

1.855 

0.118 

2 

1.967 

1.851 

0.116 

3 

1.972 

1.862 

0.110 

4 

1.970 

1.863 

0.107 

5 

1.973 

1.863 

0.110 

6 

1.971 

1.846 

Bad  data  operator  error 

7 

1.971 

1.855 

0.116 

8 

1.969 

1.851 

0.118 

9 

1.968 

1.853 

0.115 

10 

1.968 

1.861 

0.107 

11 

1.970 

1.866 

0.104 

12 

1.972 

1.868 

0.104 

Average  Change 

65%  of  Average 

75%  of  Average 

0.113  in. 

0.073  in. 

0.085  in. 

Establishment  of  Sensitivity 

Bright  Cadmium  Plating 

Sample  Number 

Initial  Diameter  (in.) 

Diameter  at  75%  (in.) 

Time  to  Fracture 

1 

1.971 

1.886 

2  min.  0  sec. 

2 

1.971 

1.886 

3  min.  32  sec. 

3 

1.970 

1.885 

4  min.  35  sec. 

Dull  Cadmium  Plating 

Sample  Number 

Initial  Diameter  (in.) 

Diameter  at  75%  (in.) 

Total  Test  Time 

Comments 

1 

1.969 

1.884 

168  hrs. 

no  fracture 

2 

I  1.971 

1.886 

168  hrs. 

no  fracture 

3 

1.970 

1.885 

168  hrs. 

no  fracture 

4-54 


Cleaners 

Tests  discontinued  after  150  hours 

NA  indicates  that  no  fracture  occurred 

Name 

Number 

Sample 

Comments 

1 1 1  Trichloroethane 

Aqueous 

Aerosolve  2000 

Concentrated 

Si 

unaffected 

unaffected 

2 

unaffected 

Dilution  (1:10) 


ALK  660 

Concentrated 

Dilution  (1:10) 

Callasolve  120 

Concentrated 

Parts  Prep 


Shop  Master 


Concentrated 


Dilution  (1:10) 


Concentrated 


Dilution  (1:10) 


cracking  within 
cracking  within 
cracking  within 


cracking  within 
cracking  within 
cracking  within 


.5  hrs. 
.5  hrs. 
.5  hrs. 


8-24  hrs. 
8-24  hrs. 
48-150  hrs. 


A 

unaffected 

B 

cracking  within  24  hrs. 

C 

cracking  within  32-48  hrs. 

D 

cracking  within  8-24  hrs. 

unaffected 

cracking  within  8-24  hrs. 


3  A 

cracking  within  120-150  hrs. 

B 

cracking  within  120-150  hrs. 

C 

cracking  within  120-150  hrs. 

7  A 

unaffected 

B 

cracking  within  32-48  hrs. 

C 

cracking  within  8-24  hrs. 

unaffected 
unaffected 
unaffected 
cracking  within 
cracking  within 
cracking  within 


cracking  within 
cracking  within 
unaffected 


8-24  hrs. 
48-150  hrs. 
8-24  hrs. 


150  hrs. 
150  hrs. 


unaffected 

3 

unaffected 

cracking  within  8-24  hrs. 

Solvall  5234 

Concentrated 

12 

A 

unaffected 

B 

unaffected 

C 

unaffected 

Dilution  (1:10) 

13 

A 

cracking  within  24  hrs. 

B 

cracking  within  48-150  hrs. 

C 

cracking  within  24  hrs. 
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Solvents 


AXAREL  56 

14  A 

unaffected 

!  B 

unaffected 

i  C 

1 .  . . . .  . : . . . 

cracking  within  150  hrs. 

i  D 

unaffected 

BioActllS 

. 

15  A 

unaffected 

B 

unaffected 

C 

unaffected 

Citrex 

16  1  A 

unaffected 

1  B 

unaffected 

i  c 

unaffected 

Desoclean  45 

17  1  A 

unaffected 

!  B 

1  unaffected 

i  c 

unaffected 

Iso  Propyl 

18  A 

unaffected 

B 

unaffected 

1  C 

unaffected 

Spotcheck  SKC-HF 

19  1  A 

unaffected 

i  B 

i  unaffected 

i  c 

unaffected 

P-D  680 

20  1  A 

unaffected 

B 

unaffected 

i 

i  c 

unaffected 

TPC  solvent 

22 

' 

Distilled  Water 

23 

DS-108 

24  i 

i  1 

Electron  NDE 

25 

A 

unaffected 

B 

unaffected 

C 

unaffected 

A 

unaffected 

B 

unaffected 

C 

unaffected 

i  unaffected 
I  unaffected 
I  unaffected 


unaffected 

unaffected 

- 

1  unaffected 
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Discussion  of  Materials  Compatibility  Results: 


The  following  is  a  discussion  of  the  materials  compatibility  results.  They  are  presented  by  test 
method  as  opposed  to  materials  for  convenience: 

Total  Immersion  Corrosion 

Specification  Mil-C-87937  B  states  the  following  requirements  for  immersion  corrosion  when 
tested  in  accordance  with  ASTM-F-493: 

Material  Average  Weight  Loss 

Maximum  rmg/cm-/l  68  hrs) 

Aluminum  7075-T6  0.49 

Titanium  6A1-4V  0.35 

Steel  1020  1.40 

It  does  not  specifically  identify  requirements  for  AM-355,  PH  13-8,  C-250,  or  4340  steel. 
However,  one  can  extrapolate  that  these  values  would  be  less  than  that  for  the  low  grade  carbon 
steel,  1020,  for  which  a  requirement  is  given. 

The  results  indicate  that  the  alternative  cleaners  tested  all  easily  pass  the  requirement  after  24  and 
168  hours  for  Titanium  6A1-4V  (ranged  from  0.0  to  0.0353),  Aluminum  7075-T6  (ranged  from  0.0 
to  0.1017),  AM-355  (ranged  from  -0.0233  to  0.0465),  PH  13-8  (ranged  from-0.0035  to  0.0461),  C- 
250  (ranged  from  -0.0035  to  0.2466),  and  4340  (ranged  from  -0.0012  to  0.3056).  These  values 
were  all  well  within  acceptable  lunits.  Additionally,  all  cleaners  tested  did  not  cause  excessive 
pitting,  localized  attack,  staining,  etching,  or  even  mild  discoloration. 

IhiTPainted  Surfaces 

Specification  Mil-C-87937  states  that  a  10%  solution  of  the  cleaning  compound  in  distilled  water 
shall  not  cause  streaking,  stains,  or  other  deposits  that  can  not  be  easily  removed  with  water  when 
tested  in  accordance  with  ASTM-F-485.  The  alternatives  were  tested  in  both  the  concentrated  and 
diluted  (10%)  solution  to  be  thorough.  All  of  the  cleaners  tested  passed  this  requirement  easily. 
None  of  the  cleaners  stained ,  streaked,  or  contained  other  deposits  that  could  not  be  removed  easily 
with  water.  All  test  panels  subjected  to  both  the  concentrated  and  10%  diluted  solution  of  test 
cleaner  appeared  completely  normal  during  all  phases  of  the  testing  procedure. 

Sandwich  Corrosion 

Specification  Mil-C-87937  states  that  when  any  cleaner  is  tested  in  accordance  with  ASTM-F-1 1 10 
no  cleaner  shall  have  a  corrosion  rating  greater  than  “2”  on  any  given  test  panel.  It  must  be 
understood  that  the  test  panels  indicated  by  ASTM-F-1 110  were  Aluminum  2024  and  7075  only. 
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This  program  expounded  on  the  specification  requirements  by  testing  panels  of  all  six  materials. 
None  of  the  test  panels  had  a  corrosion  rating  greater  than  2  for  the  aluminum  material.  Therefore, 
the  specification  requirements  were  easily  passed.  The  aluminum  test  panels  were  most  affected  by 
the  concentrated  Callosolve  and  both  the  concentrated  and  diluted  Shopmaster  products  with 
moderate  and  slight  discoloration,  respectively.  Neither  product  had  significantly  corroded  the 
aluminum  test  panels.  Corrosion  ratings  never  exceed  “2”  as  outlined  by  ASTM-F-1 110. 

The  titanium  6A1-4V  test  panels  were  imaffected  by  all  test  cleaners  except  the  concentrated 
Shopmaster  product.  None  of  the  corrosion  ratings  given  were  greater  than  “1”  as  outlined  by 
ASTM-F-1 110.  Shopmaster  left  slight  staining  and/or  corrosion  on  some  tests  panels.  The  degree 
of  the  staining/corrosion  was  very  small  and  the  product  seems  to  be  viable  for  sandwich  corrosion 
resistance  on  titanium  6A1-4V. 

The  AM-355  test  panels  were  unaffected  by  all  cleaners  except  for  those  exposed  to  Aerosolve 
2000,  diluted  Parts  Prep,  and  Shopmaster  products.  The  extent  of  the  corrosive  attack  did  not 
exceed  discoloration  and  no  ratings  higher  than  “1”  were  assessed  according  to  ASTM-F-1 110 
guidelines.  All  alternative  cleaners  appear  be  compatible  form  a  sandwich  corrosion  standpoint 
with  AM-355. 

The  PH  13-8  appeared  to  be  unaffected  by  all  test  cleaners.  No  corrosive  attack  or  even 
discoloration  was  present. 

The  C-250  test  panels  were  only  affected  by  the  concentrated  Aerosolve  2000  and  distilled  water. 
Aerosolve  2000  caused  a  slight  discoloration  of  the  surface.  A  rating  of  “1”  was  given  to  these 
panels  according  to  ASTM-F-1 110.  Distilled  water  caused  both  slight  corrosion  and  slight 
discoloration  of  the  surfaces  of  the  test  panels.  A  rating  of  “1”  and  “2”  were  given  to  the  panels 
exposed  to  distilled  water.  Aerosolve  2000  does  not  appear  to  have  a  significant  impact  on  C-250 
steel  from  the  sandwich  corrosion  testing  performed. 

The  4340  test  panels  were  mildly  affected  by  all  test  cleaners  except  the  concentrated  forms  of  Alk- 
660,  Parts  Prep,  Shopmaster,  and  Citrex  products.  Since  4340  is  a  relatively  active  alloy,  this  was 
expected.  However,  even  in  this  instance  all  ratings  were  less  than  or  equal  to  “2”  as  outlined  in 
ASTM-F-1 110  except  for  those  panels  exposed  to  1,1,1  trichloroethane,  isopropyl  alcohol,  and 
distilled  water.  All  of  these  panels  approached  or  were  given  ratings  equal  to  “3”,  signifying 
moderate  corrosion  or  extensive  discoloration. 

Stress  Corrosion 

The  stress  corrosion  specifications  utilized  provided  general  guidelines  for  the  procedures  and 
qualifications  of  alternative  cleaners  for  use  on  limited  materials.  These  guidelines  were 
expounded  to  cany  out  stress  corrosion  testing  on  the  variety  of  materials  investigated  imder  this 
program.  The  qualification  conditions  defined  by  the  specifications  utilized  may  be  summarized  by 
stating  that  if  the  material  tested  and  subjected  to  a  stress  corrosive  environment  does  indeed 
contain  stress  corrosion  cracks  as  a  result  of  this  treatment,  the  material  may  be  utilized  for  testing 
alternative  cleaners.  If  a  similar  treatment  were  performed  by  utilizing  the  alternative  cleaner 
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instead  of  sodium  chloride  (a  known  contributor  to  stress  corrosion  cracking  in  most  materials)  and 
no  stress  corrosion  cracks  were  found  by  optical  and  metallurgical  examination  of  the  materid  then 
it  can  be  extrapolated  from  the  data  that  the  tested  alternative  does  not  readily  contribute  to  stress 
corrosion  cracking.  The  control  specimens  were  not  subjected  to  any  stress  corrosive  treatment  and 
were  therefore  not  expected  to  embody  stress  corrosion  cracks. 

The  results  of  the  stress  corrosion  testing  performed  demonstrate  that  none  of  the  alternative 
cleaners  tested  contributed  to  stress  corrosion  cracking  of  the  materials  investigated  under  these 
testing  conditions.  The  AM-355  material  failed  to  stress  corrosion  crack  under  various  treatments. 
The  results  of  the  testing  performed  on  AM-355  can,  therefore,  only  be  interpreted  such  that  the 
alternative  cleaners  did  not  contribute  to  stress  corrosion  cracking  the  material  under  the  treatment 
administered.  It  cannot  be  stated  that  the  alternative  cleaners  will  not  contribute  to  stress  corrosion 
cracking  the  material(s)  in  all  instances.  However,  from  the  results  it  appears  unlikely  that  the 
alternative  cleaners  contribute  significantly  to  stress  corrosion  cracking  of  the  materials  studied 
imder  this  program. 

Hydrogen  Embrittlement 

Specification  Mil-C-87937  states  that  when  tested  in  accordance  with  ASTM-F-519  a  concentrated 
solution  of  the  tested  alternative  cleaner  shall  not  cause  hydrogen  embrittlement  of  cadmium  plated 
steel.  ARL-MD  tested  both  concentrated  and  10%  solutions  of  each  alternative  cleaner.  The 
results  indicate  that  dilutions  of  the  aqueous  cleaners  may  cause  hydrogen  embrittlement  if  the 
solutions  remain  in  contact  with  cadmium  plated  steel  for  extended  lengths  of  time.  Concentrated 
solutions  of  Solvall  5234  and  Parts  Prep  appear  not  to  cause  hydrogen  embrittlement  even  over 
extended  periods  of  time.  None  of  the  solvents  caused  hydrogen  embrittlement  of  the  cadmium 
plated  steel,  as  expected.  When  dealing  with  cadmium  plated  steel,  it  appears  that  if  any  of  the 
aqueous  cleaners  tested  are  utilized  in  dilution  for  cleaning  they  must  be  rinsed  thoroughly  to 
prevent  hydrogen  embrittlement. 
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Section  5: 


ARDEC  Report  -  “1,1,1  Trichloroethane  Replacement  Study” 


INTENTIONAIXY  LEFT  BLANK. 
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The  actual  number  of  alternate  cleaners  that  could  be  utilized  for  adhesive  bonding  tests  was 
decreased  based  upon  the  extensive  amount  of  specimen  preparation,  testing,  and  the  combination 
of  materials  to  be  tested.  Therefore,  the  top  cleaners  from  the  downsized  comprehensive  list  were 
chosen  for  testing.  Since  the  top  two  cleaners  were  of  the  same  general  chemical  make-up,  it  was 
thought  that  choosing  two  from  the  top  five  would  provide  a  better  guideline.  In  addition  to  the 
control,  trichloroethane  and  isopropyl  alcohol  were  utilized  along  with  two  prospective  aqueous 
cleaners.  The  objective  was  to  demonstrate  that  a  replacement  for  1,1,1  in  the  adhesive  bonding 
process  was  feasible  in  both  a  manufacturing  and  a  repair  environment.  The  approach  was  to 
compare  the  effectiveness  of  the  potential  replacement  on  various  metal  substrates  utilizing  1,1,1 
trichloroethane  as  a  baseline  control  group.  ARI^MD  contracted  ARDEC,  Picatinny,  NJ,  to  perform 
the  adhesive  bonding  testing.  The  report  generated  is  included  within  this  section. 

Effects  of  the  Candidates  on  Adhesive  Bonds 

The  metal  substrates  included  AM-355  stainless  steel,  Ti-6A1-4V,  electro-formed  nickel,  and 
7075-T6  aluminum.  The  respective  performance  of  the  cleaners  could  be  evaluated  by  baking  on 
a  standard  contaminant  (mixture  of  MIL-H-83282  and  MIL-G-81322)  and  applying  either  a 
manufacturing  simulation  or  a  repair  simulation.  Manufacturing  simulations  utilized  an  ultrasonic 
cleaner,  while  the  repair  simulations  utilized  common  solvent  wiping  techniques.  The  adhesive 
bonding  performed  included  the  floating  roller  peel  test  method  (ASTM-D-3167)  under  cryogenic 
(-67°  F),  room  temperature,  and  130°  F  95%  relative  humidity  conditions.  The  manufacturing 
simulation  employed  EA9210  primer  and  EA9628H  film  adhesive.  The  repair  simulation  utilized 
EA9309.3  two-part  modified  epoxy.  Standard  surface  preparation  techniques  were  also  utilized 
during  both  simulations.  The  test  plan  for  the  adhesive  bonding  part  of  the  program  was  as  follows: 

Substrates: 

Aluminum  alloy  (7075-T6  Bare) 

Stainless  steel  (AM-355) 

Titanium  (6A1-4V) 

Electro-Formed  Nickel 

Adhesives/Primers: 

EA9210H  (Dexter  Hysol)  -  primer 
EA9628H  (Dexter  Hysol)  -  film  adhesive 
EA9309.3NA  (Dexter  Hysol)  -  paste  adhesive 

Standard  Contaminants: 

Two  parts  by  weight  MIL-H-83282  hydraulic  fluid 
One  part  by  weight  MIL-G-81322  or  MIL-G-21 164  grease. 

Apply  uniform  thin  coat  to  surfaces  with  cheesecloth  and  bake  2  hrs.  @  130°  F 
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Test  Methods: 

Peel  Strength  (ASTM  D  -3167)  @  -67°  F,  75°  F,  and  180°  F  wet  (95%  R.H.) 

General  Sample  Preparation  &  Evaluation  Procedure: 

1.  Apply  standardized  contamination  to  primed  or  unprimed  substrate  surfaces  (i.e.,  oil/grease 
mixture). 

2.  Use  standard  surface  preparation  process  for  each  substrate  with: 

a.  Original  cleaning  solvent  (ODC  or  hazardous  materials). 

b.  Proposed  substitute  cleaning  solution. 

3.  Prepare  peel  and  lap  shear  samples  using  the  standard  application  assembly  and  curing 
processes  that  are  appropriate  for  the  particular  substrate  and  adhesive/primer  combination  being 
evaluated. 

4.  Measure  peel  and  lap  shear  strength  levels  and  compare  failure  surface  characteristics  (i.e., 
adhesive/cohesive  percentages). 

Accept/Reject  Criteria: 

The  proposed  substitute  cleaning  process  must  produce  surface  conditions  that  are  statistically 
equivalent  or  superior  to  the  surface  conditions  that  are  produced  by  the  present  cleaning  process: 

1)  Equal  or  higher  percentage  of  cohesive  failure. 

Specific  Sample  Preparation/Tests  Procedures: 

Metal  Substrates  (Manufacturing  Simulation) 

1)  Apply  standardized  contamination  to  bare  metal  surface. 

2)  Clean  surface  with: 

Original  cleaning  process 
Proposed  substitute  cleaning  process. 

3)  Prepare  surfaces  for  bonding,  using  standard  procedures  for  the  specific  metal  type  (i.e., 
etch,  grit  blast). 

4)  Apply  and  cure  primer. 

5)  Make  peel  and  lap  shear  samples  using  film  adhesive  with  like  substrates  and  a  typical 
curing  process. 

6)  Test  and  evaluate  sample  coupons. 

Metal  Substrates  (Repair  Simulation) 

1)  Prepare  bare  metal  surfaces  for  bonding  using  the  original  cleaning  process  and  the 
standard  surface  preparation  procedure  for  the  specific  metal  type. 

2)  Apply  and  cure  primer. 

3)  Apply  standardized  contaminant  to  primed  surfaces. 

4)  Clean  surfaces  with: 

a)  Original  cleaning  process 

b)  Proposed  substitute  cleaning  process. 

5)  Make  peel  and  lap  shear  samples,  using  film  adhesive  with  like  substrates  and  a  typical 
curing  process. 

6)  Test  and  evaluate  sample  coupons. 
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Standard  surface  preparation  procedures: 

(Note  whenever  vapor  degreasing  is  called  out,  ultrasonic  aqueous  cleaning  may  be  used 
instead) 

Aluminum-  ASTM  D-3933 
Stainless  Steel  MDHS  HP  4-121 

Titanium  -  Mil-HDBK-691  (section  5.3.5.1.17.2  -  vapor  honing/Pasa  Jell  107), 

Sikorsky  SS8752  (section  3.2.15.3),  or  MDHS  HP  4-120 

Standard  Adhesive  Application/Cure  Process: 

Primer  -  MDHS  Iff  4-100  (Spray,  air  dry,  30  min.  @  300°  F) 

Film  Adhesive  -  MDHS  HP  16-21  (1  hr  @  255-270°  F,  50  PSI) 

Paste  Adhesive  -  MDHS  HP  16-25  (24  hrs.  @  RT,  50  PSI) 

Mechanical  Test  Guidelines: 

Use  minimum  of  six  samples  for  each  variable  combination  tested. 

Cold  -  soak  all  samples  at  -67°  F  for  24  hrs.  minimum:  test  at  same  temp. 

Hot  -  Condition  all  samples  for  30  days  at  180°  F/95%  R.H.:  test  at  same  temp. 

Results 


The  technical  report  received  from  ARDEC  concerning  all  aspects  of  replacing  1,1,1 
trichloroethane  as  a  cleaner  prior  to  adhesive  bonding  with  the  alternatives  described  previously  is 
presented  on  the  following  pages.  ARUMD  worked  in  close  conjunction  with  ARDEC  in 
developing  the  test  procedures,  processing  conditions,  and  parameters. 
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INTRODUCTION 


This  report  discusses  the  results  of  a  study  conducted  by  the  US  Army  Armament 
Research,  Development  and  Engineering  Center  (ARDEC)  at  the  request  of  the  US  Army 
Research  Laboratory  (ARL),  Watertown,  MA,  which  evaluated  the  effectiveness  of  four 
cleaners/  degreasers  under  conditions  simulating  adhesive  bonding  operations  at  Army 
aircraft  maintenance  facilities.  The  baseline  control  cleaner/degreaser,  1  1  1 
trichloroethane  (methyl  chloroform),  has  been  identified  as  a  Class  1  ozone  depleting 
chemical  (ODC).  The  objective  of  the  study  was  to  identify  an  effective,  non-ODC 
substitute  for  1  1  1  trichloroethane  that  would  be  suitable  for  use  in  large  scale  tank 
immersion  processes  as  well  as  in  off-line  adhesive  bonding  repair  of  metallic 
structures.  Three  replacement  candidates  were  selected  by  ARL  for  this  study:  isopropyl 
alcohol  (2-propanol),  Parts  Prep  (aqueous  based  degreaser),  and  Callasolve  120 
(citrus  based  cleaner).  The  effectiveness  of  each  cleaner/degreaser  in  removing  a 
standard  contaminant  mixture  of  grease  and  hydraulic  fluid  was  determined  on  the 
following  aerospace  alloys:  7075-T6  aluminum,  electroformed  nickel,  AM355  stainless 
steel,  and  6AI-4V  titanium.  Bond  performance  was  measured  using  the  floating  roller 
peel  method,  recognized  as  a  good  discriminator  for  the  degree  of  surface  cleanliness, 
particularly  when  performed  at  a  temperature  of  -67°F.  Peel  strength  values  were 
obtained  for  test  panels  at  -67  ®F,  75‘’F,  and  at  140  ®F  after  30  days  in  a  140 
'’F/condensing  humidity  environment. 


MATERIALS  LIST 


The  materials  utilized  during  this  study  were  as  follows: 

Adhesives 

•  EA  9628H  modified  epoxy  structural  film,  knit  scrim  support, 

1  hour  -  250  °F  cure,  0.06  Ib/ff  weight,  Dexter  Aerospace 

•  EA  9309 .3N A  two-part  modified  epoxy  paste,  24  hour  room 
temperature  cure;  contains  9  mil  glass  beads  for  bondline  control, 
Dexter  Aerospace 

Adhesive  Primer 

•  EA  921  OH,  solvent-based,  chromated,  1  hour  -  250  °F  cure,  Dexter 
Aerospace 

Adherends 


•  7075-T6  Aluminum 

•  Electroformed  Nickel 

•  AM355  Stainless  Steel 

•  6AI-4V  Titanium 


(0.063  in. 
(0.040  in. 
(0.040  in. 
(0.063  in. 


and  0.025 
and  0.012 
and  0.009 
and  0.025 


in.  thick 
in.  thick 
in.  thick 
in.  thick 


panels) 

panels) 

panels) 

panels) 
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Cleaners/Degreasers 


•  111  Trichloroethane 

•  Isopropyl  Alcohol  (2-Propanol) 

•  Parts  Prep,  International  Specialty  Products 

•  Callasolve  120,  Zip-Chem  Products 

Chemicals 

For  contaminating  metal  surfaces  prior  to  surface  preparation: 

•  MIL-H-83282  Hydraulic  Fluid 

•  MIL-G-81322  Lubricating  Grease 

For  7075-T6  aluminum  treatment: 

•  Isoprep  188,  deoxidizer,  Richardson  Company 

•  Phosphoric  Acid,  85% 


For  electroformed  nickel  treatment: 

•  Turco  HTC,  Turco  Products 

•  Ferric  Chloride,  40%  solution 

•  Hydrochloric  Acid,  37% 

For  AM355  stainless  steel  treatment: 

•  Turco  HTC,  Turco  Products 

•  Ferric  Chloride,  40%  solution 

•  Hydrochloric  Acid,  37% 

For  6AI-4V  titanium  treatment: 

•  Oakite  90,  Oakite  Products 

•  Hydrofluoric  Acid,  70% 

•  Sodium  Sulfate 


•  Turco  4104,  Turco  Products 

•  Nitric  Acid,  70% 


•  Nitric  Acid,  70% 

•  Trisodium  Phosphate 

•  Potassium  Fluoride 


PROCEDURE 


General 

A  standardized  contaminant  mixture  of  two  parts  by  weight  hydraulic  fluid  (MIL-H- 
83282)  to  one  part  by  weight  lubricating  grease  (MIL-G-81322)  was  applied  to  as- 
received  metal  surfaces  and  baked  for  2  hours  at  130  ^F.  The  standardized  surface 
preparation  process  for  each  metallic  substrate/simulation  combination  was  then 
performed  with  the  baseline  control  and  the  three  potential  replacement  cleaners  / 
degreasers.  EA  9628 H  film  adhesive/EA  921  OH  primer  was  used  to  fabricate  samples 
for  the  manufacturing  simulation  and  EA  9309.3NA  paste  adhesive  was  used  to  fabricate 
samples  for  the  repair  simulation.  Peel  strengths  were  then  measured  at  -67  °F,  75 
°F,  and  at  140  °F  after  30  days  in  a  140  ®F/condensing  humidity  environment.  Surfaces 
were  visually  inspected  for  failure  modes. 
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Surface  Preparation  •  Manufacturing  Simuiation 

The  standardized  contaminant  was  appiied  to  the  metal  panels  and  baked  for  2  hours 
at  130  **F.  The  panels  were  then  immersed  in  a  2  gallon  capacity  ultrasonic  degreaser 
filled  with  the  appropriate  cleaner/degreaser  and  rinsed  as  follows: 

111  Trichloroethane 

•  Panels  immersed  for  3  minutes  at  75  ""F. 

•  Panels  immediately  rinsed  upon  removal  from  bath  with  clean 
1  1  1  trichloroethane  and  visually  checked  for  water  break. 

2-Propanol 

•  Panels  immersed  for  3  minutes  at  75  ®F 

•  Panels  immediately  rinsed  upon  removal  from  bath  with  clean 
2-Propanol  and  visually  checked  for  water  break. 

Parts  Prep 

•  Panels  immersed  for  3  minutes  at  150  °F 

•  Panels  immediately  immersed  upon  removal  from  bath  (before  the 
Parts  Prep  could  dry  on  the  surface)  in  deionized  water  at  190  °F 
for  4  minutes 

•  Panels  rinsed  in  running  deionized  water  at  75  ®F  and  visually 
checked  for  water  break. 

Caiiasolve  120 

•  Panels  immersed  for  3  minutes  at  75  ®F 

•  Panels  immediately  rinsed  upon  removal  from  bath  (before  the 
Caiiasolve  120  could  dry  on  the  surface)  in  running  deionized 
water  at  75  °F  and  visually  checked  for  water  break. 

The  metals  were  then  prepared  for  bonding  using  the  respective  surface  preparation 
techniques  described  below. 


7075-T6  Aluminum 

Surfaces  were  prepared  in  accordance  with  ASTM  D3933  (ref  1)  as  follows: 

( 1  )  Panels  were  immersed  in  a  solution  of  Isoprep  188  and  deionized  water 
(120  grams  Isoprep/liter  solution)  for  5  minutes  at  75  '’F. 

(2)  Panels  were  rinsed  in  running  deionized  water  for  3  minutes  at  75  °F. 

(3)  A  water  break  test  was  performed. 

(4)  Panels  were  immersed  in  a  solution  of  phosphoric  acid  and  deionized 
water  (70  ml  of  85%  phosphoric  acid/liter  HgO)  at  75  °F  where  a  1 0 
volt  (V)  potential  was  applied.  The  initial  voltage  applied  (2  V)  was 
raised  at  a  rate  of  2  V/minute  to  a  maximum  of  10  V  and  then  held  at  10 
V  for  20  minutes. 

(5)  Paneis  were  rinsed  in  running  deionized  water  for  3  minutes  at  75  °F. 
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(6)  Panels  were  dried  for  30  minutes  at  175  ooP  and  then  primed  within  2 
hours  of  completing  the  drying  cycle. 

Electroformed  Nickel 

Surfaces  were  prepared  in  accordance  with  McDonnell  Douglas  Helicopter  Company 
Specification  HP  4-49  (ref  2)  as  follows: 

(1 )  Panels  were  immersed  in  a  solution  of  Turco  HTC  and  deionized  water 
(10  ounces  Turco  HTC/gallon  solution)  for  15  minutes  at  180  °F- 
200  °F  with  agitation  system  engaged. 

(2)  Panels  were  immediately  immersed  (being  careful  to  not  allow  any 
Turco  HTC  solution  to  dry  on  the  metal)  in  a  deionized  water  rinse  tank 
for  4  minutes  at  75  ®F  with  agitation  system  engaged. 

(3)  Panels  were  rinsed  in  running  deionized  water  at  75  “F. 

(4)  A  water  break  test  was  performed. 

(5)  Panels  were  immersed  in  a  solution  of  50%  by  volume  ferric  chloride 
(40%  solution)  and  50%  by  volume  hydrochloric  acid  (37%)  for  15 
minutes  at  75  "F. 

(6)  Panels  were  immersed  in  agitated  deionized  water  for  4  minutes  at 
75  °F. 

(7)  Panels  were  rinsed  in  running  deionized  water  at  75  ®F. 

(8)  Panels  were  immersed  in  a  desmut  solution  (35%  by  volume  nitric  acid 
(70%), 15%  by  volume  Turco  4104,  50%  by  volume  deionized 
water)for  6-30  seconds  as  required  at  75  "F.  The  panels  must  not 
exhibit  any  shiny  areas  after  desmutting.  All  areas  must  exhibit  a 
uniform,  dull  matte  finish. 

(9)  Panels  were  immersed  in  agitated  deionized  water  for  4  minutes  at 
75  »F. 

(10)  Panels  were  rinsed  in  running  deionized  water  at  75  *’F. 

(1 1 )  Panels  were  immersed  in  deionized  water  for  2  minutes  at  1 80  °F- 
190  °F. 

(12)  Panels  were  dried  for  30  minutes  at  150  °F  and  then  primed  within  2 
hours  of  completing  the  drying  cycle. 

AM355  Stainless  Steel 

Surfaces  were  prepared  in  accordance  with  McDonnell  Douglas  Helicopter  Company 
Specification  HP  4-121  (ref  3)  as  follows: 

(1 )  Panels  were  immersed  in  a  solution  of  Turco  HTC  and  deionized  water 
(10  ounces  Turco  HTC/gallon  solution)  for  10  minutes  at  180  °F- 
200  °F  with  agitation  system  engaged. 
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(2)  Panels  were  immediately  immersed  (being  careful  to  not  allow  any 
Turco  HTC  solution  to  dry  on  the  metai)  in  a  deionized  water  rinse  tank 
for  4  minutes  at  120  ®F-150  ®F  with  agitation  system  engaged. 

(3)  Panels  were  rinsed  in  running  deionized  water  at  75  °F. 

(4)  A  water  break  test  was  performed. 

(5)  Panels  were  immersed  in  a  soiution  of  50%  by  volume  ferric  chloride 
(40%  solution)  and  50%  by  volume  hydrochloric  acid  (37%)  for  5 
minutes  at  75  ®F. 

(6)  Panels  were  immersed  in  agitated  deionized  water  for  4  minutes  at 
75  ®F. 

(7)  Panels  were  rinsed  in  running  deionized  water  at  75  ®F. 

(8)  Panels  were  immersed  in  agitated  deionized  water  for  4  minutes  at 
150  ®F. 

(9)  Panels  were  dried  for  30  minutes  at  175  ®F  and  then  primed  within  2 
hours  of  completing  the  drying  cycle. 

6AI-4V  Titanium 

Surfaces  were  prepared  in  accordance  with  McDonnell  Douglas  Helicopter  Company 
Specification  HP  4-120  (ref  4)  as  foliows: 

(1 )  Panels  were  immersed  in  a  solution  of  Oakite  90  alkaiine  cleaner  and 
deionized  water  (12  ounces  Oakite  90/gallon  HjO)  for  10  minutes  at 
150  ®F-170  ®F  with  agitation  system  engaged. 

(2)  Panels  were  immediately  immersed  (being  careful  to  not  allow  any 
Oakite  90  solution  to  dry  on  the  metai)  in  a  deionized  water  rinse  tank 
for  4  minutes  at  75  ®F  with  agitation  system  engaged. 

(3)  Panels  were  rinsed  in  running  deionized  water  at  75  ®F. 

(4)  A  water  break  test  was  performed. 

(5)  Panels  were  immersed  in  an  aqueous  pickle  solution  (2.0-3.0  fluid 
ounces  of  hydrofluoric  acid/gallon  of  solution,  1 .5-2.5  ounces  of 
sodium  sulfate/gallon  of  solution,  40.0-50.0  fiuid  ounces  of  nitric  acid 
(70%)/gaiion  of  solution,  balance  deionized  water)  for  2.5  minutes  at 
75  ®F. 

(6)  Panels  were  immersed  in  agitated  deionized  water  for  4  minutes  at 
75  ®F. 

(7)  Panels  were  rinsed  in  running  deionized  water  at  75  ®F. 

(8)  Panels  were  immersed  in  a  conversion  coating  aqueous  solution  (6.5- 
7.0  ounces  of  trisodium  phosphate/gaiion  of  soiution,  2.5-3.0  ounces  of 
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potassium  fluoride/gallon  of  solution,  2.2-2.S  fluid  ounces  of 
hydrofluoric  acid  (70%)/galion  of  solution,  balance  deionized  water) 
for  1. 5-2.5  minutes  at  75  ®F. 

(9)  Panels  were  immersed  in  agitated  deionized  water  for  4  minutes  at 
75  '’F. 

(10)  Panels  were  rinsed  in  running  deionized  water  at  75  '*F. 

(11)  Panels  were  immersed  in  agitated  deionized  water  for  15  minutes  at 
145  °F-155  “F. 

(12)  Panels  were  rinsed  in  running  deionized  water  at  75  ®F. 

(13)  Panels  were  dried  for  30  minutes  at  160  “F  and  then  primed  within  2 
hours  of  completing  the  drying  cycle. 

Application/Curing  of  Primer 

The  EA  921  OH  primer  was  stored,  mixed,  and  sprayed  according  to  manufacturer 
recommendations.  Airline  pressure  was  35  psi.  The  primer  was  sprayed  to  a  dry  film 
thickness  between  0.25-0.35  mils  as  verified  by  a  Fisher  Isoscope  model  MP. 

Following  primer  application,  the  primer  was  allowed  to  air  dry  for  30  minutes  and  was 
then  oven  cured  for  30  minutes  at  300  ®F. 

Surface  Preparation  -  Repair  Simulation 

The  standardized  contaminant  was  applied  to  the  metal  panels  and  baked  for  two  hours 
at  130  '’F.  The  panels  were  then  hand-wiped  with  laboratory  tissues  soaked  in  the 
appropriate  cleaner/degreaser  at  room  temperature  until  no  visible  residue  remained 
on  the  tissues.  The  panels  cleaned  with  Parts  Prep  and  Callasolve  120  were  rinsed  in 
deionized  water  at  room  temperature  immediately  after  wiping  so  that  the  cleaner 
residue  would  not  dry  on  the  parts.  Panels  cleaned  with  1  1  1  trichloroethane  and  2- 
propanol  were  not  rinsed.  A  water  break  test  was  then  performed  on  each  panel, 
followed  by  abrading  with  220  grit  paper.  The  panels  were  then  hand-wiped  again  with 
the  appropriate  cleaner/degreaser  and  rinsed  in  deionized  water,  if  necessary.  A  second 
water  break  test  was  performed  prior  to  bonding. 

Fabrication  of  Test  Specimens  -  Manufacturing  Simulation 

The  manufacturing  simulation  samples  were  prepared  in  accordance  with  ASTM 
D31 67  (ref  5)  guidelines.  Lay-up  and  curing  of  the  panels  was  accomplished  using  a 
special  fixture  designed  to  be  placed  between  the  platens  of  a  Dake  press.  First,  a  piece  of 
breather  material  was  placed  on  the  template,  followed  by  a  piece  of  perforated  release 
ply.  The  thin  adherend  panel  was  then  centered  on  the  release  ply  (with  the  drill  hole  at 
the  bottom).  A  piece  of  EA  9628H  film  adhesive  cut  to  the  dimensions  of  the  thick 
adherend  panel  was  then  applied  to  the  thin  adherend  panel,  aligned  along  the  top  edge 
making  sure  that  all  air  bubbles  were  eliminated.  The  thick  adherend  panel  was  then 
placed  on  top  of  the  film  adhesive,  aligned  along  the  top  edge,  and  pressed  down  with 
evenly  applied  pressure. 

A  perforated  release  ply  and  a  breather  cloth  were  then  placed  over  the  lay-up,  and  a 
thermocouple  fed  through  a  thermocouple  hole.  The  thermocouple  was  taped  down  in  the 
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middle  of  the  template  and  the  thermocouple  holes  covered  with  vacuum  bag  tape.  The 
template  pegs  were  also  covered  with  pieces  of  vacuum  bag  tape  to  prevent  them  from 
puncturing  the  vacuum  bag.  A  strip  of  vacuum  bag  material  was  placed  over  the  tape  on 
each  side  of  the  template  followed  by  a  full  sheet  of  vacuum  bag  material.  The  template 
fixture  was  assembled  and  placed  between  the  platens  of  a  Dake  press.  The  press  was 
pumped  to  a  4000  lb  clamping  load.  Air  pressure  of  50  psi  was  then  applied  to  the 
fixture.  The  set  point  temperature  was  then  adjusted  to  250'’F.  Once  the  temperature 
reached  250'’F,  a  1  hour  cure  at  that  temperature  was  initiated.  After  1  hour,  the 
heaters  were  shut  off  and  cold  water  was  run  through  the  platens.  When  the  temperature 
reached  140‘’F  (or  below),  the  air  pressure  was  released  and  the  fixture  removed  from 
the  press. 

Fabrication  of  Test  Specimens  •  Repair  Simulation 

The  repair  simulation  samples  were  prepared  in  accordance  with  ASTM  D3167  (ref 
5).  The  panels  were  bonded  using  the  same  fixture  mentioned  above.  First,  a  piece  of 
breather  material  was  placed  on  the  template,  followed  by  a  piece  of  perforated  release 
ply.  EA  9309.3NA  paste  adhesive  was  mixed  according  to  manufacturer's  instructions. 
The  mixed  adhesive  was  applied  to  the  thin  adherend  panel,  which  was  then  centered  on 
the  release  ply  (with  the  drill  hole  at  the  bottom).  Paste  adhesive  was  then  applied  to 
the  thick  adherend  panel,  which  was  then  placed  on  top  of  the  thin  adherend  panel, 
aligned  along  the  top  edge,  and  pressed  down  with  evenly  applied  pressure  from  the 
center  outward.  Bondline  control  was  maintained  by  9  mil  glass  beads  formulated  in  the 
as-received  adhesive. 

A  perforated  release  ply  and  a  breather  cloth  were  then  placed  over  the  lay-up.  The 
template  pegs  were  covered  with  pieces  of  vacuum  bag  tape  to  prevent  them  from 
puncturing  the  vacuum  bag.  A  strip  of  vacuum  bag  material  was  placed  over  the  tape  on 
each  side  of  the  template  followed  by  a  full  sheet  of  vacuum  bag  material.  The  template 
fixture  was  assembled  and  placed  between  the  platens  of  a  Dake  press.  The  press  was 
pumped  to  a  4000  lb  clamping  load.  Air  pressure  of  50  psi  was  then  applied  to  the 
fixture.  The  samples  were  then  cured  for  24  hours  at  room  temperature  (75  ooF). 

After  24  hours,  the  air  pressure  was  released  and  the  fixture  removed  from  the  press. 

Peel  Strength  Studies 

Floating  roller  peel  testing  was  performed  in  accordance  with  the  procedures 
outlined  in  ASTM  D3167  (ref  5),  except  that  a  crosshead  speed  of  5.0  inches/minute 
was  used  instead  of  6.0  inches/minute.  Testing  was  performed  at  -67  °F,  75  °F,  and  at 
140  ®F  after  30  days  in  a  140  °F/condensing  humidity  environment  using  an  Instron 
universal  testing  machine.  For  both  simulations,  6  specimens  were  tested  for  each 
metal/cleaner  combination  at  the  designated  temperatures.  Prior  to  testing,  the  samples 
were  conditioned  at  the  testing  temperature  for  24  hours. 


DISCUSSION  AND  RESULTS 


Manufacturing  Simulation 

FRP  test  results  for  7075-T6  aluminum  are  shown  in  tables  1-3.  The  data 
indicates  that  Parts  Prep  worked  especially  well  on  this  alloy.  Statistical  analysis  using 
the  t-Test  for  a  95%  confidence  interval  showed  that  Parts  Prep  was  equal  or  superior 
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to  the  control  under  the  conditions  tested.  In  contrast,  parts  cleaned  with  2-Propanol  did 
not  perform  as  well  as  the  control  under  any  of  the  test  conditions.  Indeed,  water  break 
checks  performed  on  panels  after  the  initial  ultrasonic  soak  showed  that  2-Propanol  was 
the  least  effective  of  the  cleaners.  In  fact,  a  number  of  panels  clearly  showed  evidence  of 
unremoved  fingerprints.  Statistical  treatment  of  the  FRP  data  obtained  for  Callasolve 
120  showed  that  although  it  was  not  as  effective  as  the  control(in  2/3  tests),  bond 
strengths  obtained  were  still  fairly  good. 

In  general  the  FRP  values  obtained  for  the  7075-T6  alloy  at  75®F  and  at  140®F 
(after  accelerated  aging)  were  quite  good;  however,  concern  was  expressed  regarding  the 
peel  strengths  obtained  at  -67‘’F,  which  ranged  from  8-22  pli.  Previous  studies 
conducted  by  ARDEC  in  conjunction  with  the  Naval  Air  Warfare  Center  on  2024-T3 
series  aluminum  resulted  in  peel  strengths  of  60  pli  at  75°F  and  £&  pli  at  -67®F.  This 
could  be  attributable  to  differences  in  flexural  stiffness  and/or  chemical  reactivity  of 
the  two  alloys,  but  this  does  not  explain  the  similarity  in  results  obtained  at  75°F.  A 
more  likely  explanation  for  the  discrepancy  would  be  related  to  possible  differences  in 
EA9210  primer  thickness.  The  Dexter  product  description  sheet  for  EA9210  specifies  a 
primer  thickness  range  of  0.3-0.5  mils.  This  range  is  somewhat  higher  than  most  other 
adhesive  primers  which  normally  specify  ranges  between  0.05-0.25  mils.  Indeed, 
subsequent  conversations  with  engineers  at  McDonnell  Douglas  Helicopter  Company 
indicated  that  they  normally  specify  a  primer  thickness  range  of  0.1 -0.3  mils  for 
bonding  applications  with  EA9210.  Since  a  range  of  0.25-0.35  mils  was  used  in  this 
study,  it  would  be  correct  to  assume  that  in  many  instances  the  MDHC  maximum  limit  of 
0.30  mils  may  have  been  met  or  exceeded.  It  should  be  noted  that  a  primer  applied  too 
thick  ceases  to  act  as  an  adhesion-promoting  layer  but  rather  a  weak  boundary  layer  in 
the  adhesive  bondline  under  certain  conditions.  At  elevated  temperatures  the  effect  is 
iess  pronounced  or  may  even  slightly  improve  peel  performance  as  the  primer  material 
becomes  more  elastic;  however,  at  low  temperatures  the  brittle  nature  of  the  primer 
becomes  more  pronounced  and  failure  initiates  preferentially  in  the  primer  layer 
rather  than  in  the  adhesive.  It  is  quite  possible  then  that  the  data  obtained  in  this  study 
reflects  that  0.3  mil  is  the  maximum  practical  limit  for  bonding  with  EA9210  primer. 

The  FRP  data  for  electroformed  nickel  is  shown  in  tables  7-9.  Among  the  cleaners 
evaluated,  only  2-Propanol  provided  peel  strengths  statistically  equivalent  to  the 
control  under  all  test  conditions.  These  results  contrast  significantly  with  those  obtained 
for  aluminum.  The  fact  that  2-Propanol  performed  as  well  as  the  control  may  be  due  to 
the  lack  of  significant  amounts  of  oils  or  contaminants  on  the  as-received  nickel  surface. 
A  more  probable  explanation  may  be  that  subsequent  immersion  in  the  strong  alkaline 
detergent  solution  Turco  HTC  negated  the  effectiveness  of  initial  degreasing  step, 
regardless  of  what  cleaner  was  used. 

The  observation  that  panels  cleaned  with  Parts  Prep  and  Callasolve  120  produced 
good  water  breaks  after  etching  suggests  that  the  lower  than  expected  peel  strengths  may 
have  again  been  attributable  to  a  primer  coat  which  was  too  thick.  Low  peel  values  at 
-67®F  would  be  consistent  with  those  obtained  previously  in  the  case  of  aluminum.  The 
low  peel  values  obtained  at  75°F  for  the  electroformed  nickel  could  be  related  to  its 
significantly  higher  flexural  stiffness.  Flexural  bending  stresses  which  are  normally 
Introduced  during  the  FRP  testing  had  resulted  in  significant  deformation  of  the  7075- 
T6  metal;  however  in  the  case  of  the  electroformed  nickel,  little  deformation  of  the  metal 
occurred  and  stresses  were  immediately  transferred  to  the  brittle  primer  layer 
resulting  in  failure  and  subsequent  propagation  along  the  primer/metal  interface.  Use  of 
a  lighter  gauge  electroformed  nickel  panel  and  thinner  primer  coatings  in  future  studies 
should  improve  peel  values. 
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FRP  results  for  AM355  stainless  steel  are  shown  in  tables  13-15.  The  results,  at  all 
test  conditions  were  much  lower  than  expected,  even  for  the  control.  At  75°F,  peel 
strengths  ranged  from  2.4-6.8  pli;  the  expected  average  should  have  been  20-30  pli. 
One  possible  explanation  for  the  results  involves  the  time  the  panels  were  immersed  in 
the  ferric  chloride  etch.  HP-4-121  specifies  an  etch  time  of  5  minutes;  subsequent 
conversations  with  MDHC  engineers  indicated  that  the  panels  should  have  been  immersed 
5-12  minutes.  Despite  this  information,  the  color  and  water  breaks  on  the  panels 
appeared  acceptable  following  processing.  This  would  bring  us  back  to  the  possibility 
that  the  primer  coating  was  too  thick.  In  any  event,  the  low  peel  values  prevent  any  real 
comparisons  to  be  made  with  regard  to  gauging  cleaner  effectiveness  on  the  stainless 
steel. 

FRP  results  for  6AI-4V  titanium  alloy  are  shown  in  tables  1 9-21 .  Again  75‘’F 
results  ranging  between  8-14.8  pli  were  slightly  lower  than  the  expected  range  of  15- 
20  pli.  This  again  would  probably  be  related  to  variation  in  primer  thickness  since 
coloration  and  water  breaks  were  acceptable.  In  any  event,  the  data  appears  to  be  of  a 
sufficient  magnitude  so  that  at  least  some  comparisons  can  be  made.  Statistical  treatment 
of  the  data  Indicates  that  panels  cleaned  with  2-Propanol,  Parts  Prep  and  Callasolve  1 20 
performed  equal  or  superior  to  panels  cleaned  with  the  control  solvent  under  the 
conditions  tested.  However,  as  in  the  case  of  the  electroformed  nickel,  it  is  believed  that 
the  results  reflect  the  cleaning  effectiveness  of  the  hot  Oakite  90  alkaline  detergent 
rather  than  the  initial  degreasing  step.  A  more  effective  means  therefore  may  be  to 
determine  the  useful  life  of  the  alkaline  detergent  solutions  which  theoretically  would  be 
accumulating  contaminants  that  the  initial  degreasing  step  left  unremoved. 

Repair  Simulation 

FRP  results  for  7075-T6  aluminum  are  shown  in  tables  4-6.  Statistical  treatment 
of  the  results  at  75°F  indicated  that  none  of  the  proposed  replacements  matched  the 
effectiveness  of  the  111  trichloroethane,  although  Parts  Prep  performed  reasonably 
well  with  a  10.5  pli  average.  As  expected,  2-Propanol  was  least  effective  of  the  three.  At 
140°F  after  heat/humidity  aging.  Parts  Prep  and  Callasolve  120  again  performed 
reasonably  well  (about  10  pli),  but  the  average  for  the  control  was  approximately  17 
pli.  At  -67®F,  there  was  a  noticeable  drop  in  peel  strength  for  all  the  cleaners  (except 
for  2-Propanol  which  was  low  to  begin  with),  with  Parts  Prep  cleaned  panels  averaging 
slightly  higher  than  the  control.  Based  on  the  data  obtained.  Parts  Prep  appeared  to  come 
closest  to  matching  the  performance  of  the  control.  However,  it  would  probably  be 
suitable  only  for  off-aircraft  repair  situations  where  complete  flushing  of  the  repair 
area  with  water  can  be  accomplished  without  adversely  affecting  adjacent  areas  to  the 
repair. 

FRP  results  for  electroformed  nickel  and  AM  355  stainless  are  shown  in  tables  10- 
12  and  16-18,  respectively.  The  peel  strengths  obtained  for  all  the  degreasers, 
including  the  control,  were  extremely  low.  This  was  not  unexpected  in  light  of  the  high 
flexural  stiffness  of  the  metals  combined  with  the  chemically  inert  nature  of  their 
surfaces.  Slight  increases  in  peel  strength  were  noticed  after  heat/humidity  aging,  but 
this  was  probably  due  to  post-curing  of  the  two-part  room  temperature  curing  adhesive. 
Still,  no  valid  comparisons  can  be  made  for  these  two  metals  based  upon  the  results 
obtained.  FRP  results  for  6AI-4V  are  shown  In  tables  22-24.  Since  peel  values  were 
low,  it  is  unclear  whether  the  FRP  test  could  be  considered  a  viable  discriminator  under 
this  particular  set  circumstances.  However,  statistical  treatment  of  the  data  suggested 
Parts  Prep  and  Callasolve  120  performed  equal  or  superior  to  the  control  under  the 
conditions  tested. 
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CONCLUSIONS/RECOMMENDATIONS 


1 .  FRP  tests  on  7075-T6  aluminum  panels  processed  in  a  simulated  manufacturing 
environment  indicated  that  Parts  Prep  may  be  an  effective  replacement  for  111 
trichloroethane.  FRP  tests  on  7075-T6  aluminum  in  a  simulated  repair  environment 
indicated  that  Parts  Prep  could  be  an  effective  replacement  for  111  trichloroethane  in 
off-aircraft  repairs  provided  that  the  repair  could  be  completely  flushed  with  water 
without  damage  to  adjacent  structure. 

2.  FRP  tests  on  6AI-4V  titanium  panels  processed  in  a  simulated  manufacturing 
environment  indicated  that  2-Propanol,  Parts  Prep,  or  Callasolve  120  would  be 
adequate  replacements  for  111  trichloroethane.  However,  this  was  probably  more 
indicative  of  the  effectiveness  of  the  Oakite  90  alkaline  detergent  soak  rather  than  the 
initial  degreasing  step.  In  the  repair  simulation,  FRP  values  were  low  (as  expected),  but 
statistical  treatment  of  the  data  indicated  that  Parts  Prep  and  Callasolve  120  may  be 
suitable  replacements  in  situations  described  as  above  for  7075-T6  aluminum. 

3.  Despite  strict  adherence  to  the  previously  referenced  surface  preparation 
specifications  and  manufacturer  recommendations  for  the  primer  and  film  adhesive,  the 
numeric  peel  strength  results  obtained  for  several  of  the  manufacturing  simuiations 
were  considerably  lower  than  expected  .  Visual  inspection  of  the  manufacturing  samples 
revealed  a  high  incidence  (90-95%)  of  primer  to  metal  failure.  These  failures  are 
believed  to  be  a  result  of  applied  EA9210H  primer  thicknesses  in  excess  of  0.3  mils.  The 
effect  was  less  pronounced  for  7075-T6  aluminum  which  has  a  lower  flexural  stiffness 
compared  to  electroformed  nickel,  AM  355  stainless  steel,  and  6AI-4V  titanium.  Future 
studies  should  establish  a  dry  primer  thickness  range  of  0.1 -0.3  mils  and  attempt  to  use 
lighter  gauges  of  the  nickel  and  AM  355  stainless  steel  for  FRP  tests. 

4.  Numeric  peel  strength  results  obtained  for  the  repair  simulation  were  extremely 
low,  especially  in  the  case  of  electroformed  nickel  and  AM  355  stainless  steel.  Visual 
inspection  of  the  repair  samples  revealed  a  high  incidence  (90-99%)  of  adhesive  to 
metal  failure.  These  results  were  expected  due  to  the  combination  of  minimal  surface 
preparation  performed  on  the  metal  panels,  low  surface  reactivity,  and  the  complex 
loads  introduced  by  the  FRP  test  on  the  adhesive  bondline. 
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Table  1 .  Room  Temperature  (75  F)  Peel  Strength  Values  for  Aluminum  (Manufacturing  Simulation) 


Degreaser 


Specimen 


Peel  Strength  (lbs/0.5  in) 


Peel  Strength  (pli) 


1  1  1 

2 

1  1  1 

5 

1  1  1 

8 

2-Propanol 


32.0 

30.5 

28.6 

29.7 

29.2 

28.9 

Average 

29.8 

Standard  Deviation  ! 

1.3 

2-Propanol 

2 

2-Propanol 

5 

2-Propanol 

9 

Average 

28.4 

56.8 

Standard  Deviation 

0.4 

0.8 
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Table  2.  Elevated  Temperature  (140  F)  Peel  Strength  Values  for  Aluminum  (Manufacturing  Simulation) 
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Table  3.  Low  Temperature  {-67  F)  Peel  Strength  Values  for  Aluminum  (Manufacturing  Simulation) 


Degreaser 


Specimen  # 


Peel  Strength  (lbs/0.5  in) 


Peel  Strength  (pli) 


2-Propanol 


2-Propanol 


Parts  Prep 


Parts  Prep 


Parts  Prep 


Callasolve  120 


Callasolve  120 
Callasolve  120 


Callasolve  120 


Callasolve  120 
Callasolve  120 


5.2 

4.8 

4.8 

Average 

Standard  Deviation 

1  2-Propanol 

1 

4 

8 

1  2-Propanol 

10 

Average _ 

Standard  Deviation 


1 

5 

9 

11 

17 

18 

Average 

Standard  Deviation 

Average 

Standard  Deviation 
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Table  4.  Room  Temperature  (75  F)  Peel  Strength  Values  for  Aluminum  (Repair  Simulation) 


Degreaser 

Specimen  # 

Peel  Strength  (lbs/0.5  in) 

Peel  Strength  (pli) 

1  1  1 

2 

9.8 

19.6 

1 1 1 

4 

5.4 

10.8 

1 1 1 

7 

7.8 

15.6 

1  1  1 

10 

6.4 

12.8 

1  1  1 

14 

7.4 

14.8 

1  1  1 

18 

5.2 

10.4 

Average 

7.0 

14.0 

Standard  Deviation 

1.7 

3.4 

2“Propanol 

1 

3.2 

6.4 

2-Propanol 

4 

2.4 

4.8 

2-Propanol 

8 

3.2 

6.4 

2-Propanol 

12 

2.8 

5.6 

2-Propanol 

15 

3.0 

6.0 

2-Propanol 

17 

3.0 

6.0 

Average 

2.9 

5.9 

Standard  Deviation 

0.3 

0.6 

Parts  Prep 

3 

6.6 

13.2 

Parts  Prep 

4 

4.4 

r  8.8 

Parts  Prep 

8 

4.0 

8.0 

Parts  Prep 

12 

4.3 

8.6 

Parts  Prep 

13 

5.8 

11.6 

Parts  Prep 

17 

6.4 

12.8 

Average 

5.3 

10.5 

Standard  Deviation 

1.2 

2.3 

Callasolve  120 

3 

2.5 

5.0 

Callasolve  120 

5 

2.5 

5.0 

Callasolve  120 

10 

3.4 

6.8 

Callasolve  120 

12 

3.2 

6.4 

Callasolve  120 

13 

3.4 

6.8 

Callasolve  120 

16 

4.0 

8.0 

Average 

3.2 

6.3 

■ 

Standard  Deviation 

0.6 

1.2 

I 

1 
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Table  5.  Elevated  Temperature  {140  F)  Peel  Strength  Values  for  Aluminum  (Repair  Simulation) 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Average 

Standard  Deviation 

9.6 

10.6 

5.8 

5.8 

11.6 

7.0 

8.4 

2-Propanol 


2-Propanol 


2-Propano! 


2-Propanol 


2-Propanol 


2-Propanol 


1.2 

1.1 

1.0 

1.0 

1.0 

1.4 

Average 

Standard  Deviation 

Parts  Prep 
Parts  Prep 


Parts  Prep 
Parts  Prep 


1 

2 

10 

11 

15 

18 

Average 

Standard  Deviation 

Callasolve  120 


Callasolve  120 

Callasolve  120 

Callasolve  120 

1 

Callasolve  1 20 

1 

(Average 


Standard  Deviation 


1.1 

0.2 

11.61 

5. 

0 

3. 

4 

5.3 

1.3 

Table  6.  Low  Temperature  (-67  F)  Peel  Strength  Values  for  Aluminum  (Repair  Simulation) 


Degreaser 

Specimen  # 

Peel  Strength  (lbs/0.5  in) 

Peel  Strength  (pli) 

1 1 1 

3 

2.8 

5.6 

1  1  1 

6 

2.7 

5.4 

1  1  1 

11 

2.4 

4.8 

1 1 1 

12 

2.8 

5.6 

1  1  1 

15 

2.8 

5.6 

1  1  1 

17 

2.6 

5.2 

Average 

5.4 

Standard  Deviation 

0.3 

2-Propanol 

2 

1.9 

3.8 

6 

1.7 

3.4 

9 

1.6 

3.2 

10 

1.6 

3.2 

2-Propanol 

14 

2.2 

4.4 

2-Propanol 

16 

2.0 

4.0 

Average 

1.8 

3.7 

Standard  Deviation 

0.2 

0.5 

5 

2.2 

4.4 

WKjSSSSSsSMM 

6 

3.7 

7.4 

7 

3.4 

6.8 

9 

3.3 

6.6 

Parts  Prep 

14 

2.8 

5.6 

Parts  Prep 

16 

2.6 

5.2 

Average 

3.0 

6.0 

Standard  Deviation 

0.6 

1.1 

Callasolve  120 

1 

2.0 

4.0 

Caliasolve  120 

2 

2.2 

4.4 

Callasolve  120 

7 

2.2 

4.4 

Callasolve  120 

11 

2.3 

4.6 

Callasolve  120 

17 

1.6 

3.2 

Callasolve  120 

18 

1.9 

3.8 

Average 

2.0 

4.1 

Standard  Deviation 

0.3 

0.5 

Table  7.  Room  Temperature  (75  F)  Peel  Strength  Values  for  Nickel  (Manufacturing  Simulation) 
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Table  8.  Elevated  Temperature  (140  F)  Peel  Strength  Values  for  Nickel  (Manufacturing  Simulation) 


Degreaser 


Specimen  # 


2~Propanol 

2"Propanol 

2-Propanol 

2-Propanol 

2-Propanol 

2-Propanol 


Parts  Prep 
Parts  Prep 
Parts  Prep 
Parts  Prep 
Parts  Prep 
Parts  Prep 


Callasolve  120 
Callasolve  120 
Callasolve  120 
Callasolve  120 
Callasolve  120 
Callasolve  120 


Peel  Strength  (lbs/0.5  in) 


Average _ 

Standard  Deviation 


Average _ 

Standard  Deviation 


Average _ 

Standard  Deviation 


Average _ 

Standard  Deviation 


Peel  Strength  (pli) 
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Table  9.  Low  Temperature  (-67  F)  Peel  Strength  Values  for  Nickel  (Manufacturing  Simulation) 


Degreaser 


Specimen  # 


Peel  Strength  (pli) 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2-Propanol 


2-Propanol 


2-Propanol 

2-Propanol 


Parts  Prep 
Parts  Prep 


Parts  Prep 


Parts  Prep 
Parts  Prep 


Parts  Prep 


Callasolve  120 


Callasolve  120 
Callasolve  120 


Callasolve  120 


Average 


Standard  Deviation 


3 

6 

12 

14 

16 

19 

Average 

Standard  Deviation 

1 

9 

10 

13 

16 

18 

Average 

Standard  Deviation 


Average 

Standard  Deviation 

.5 

3. 

A 

2. 
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Table  10.  Room  Temperature  (75  F)  Peel  Strength  Values  for  Nickel  (Repair  Simulation) 


Degreaser 


Specimen  # 


Peel  Strength  (lbs/0.5  in) 


Callasolve  120 


Callasolve  120 


Callasolve  120 
Callasolve  120 


Callasolve  120 


Callasolve  120 


2-Propanol 

18 

2-Propanol 

20 

Average 


Standard  Deviation 


Parts  Prep 

1 

Parts  Prep 

5 

Parts  Prep 

8 

Standard  Deviation 


0.6 

0.8 

0.2 

0.7 

0.6 

Average 

0.5 

0.6 

Average 

0.5 

Standard  Deviation 

0.1 

1.2 

1.0 
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Table  1 1 .  Elevated  Temperature  (140  F)  Peel  Strength  Values  for  Nickel  (Repair  Simulation) 


Degreaser 


Specimen  # 


Peel  Strength  (pli) 


2-Propanol 


2-Propanol 

2-Propanol 

2-Propanol 


2-Propanol 

2‘Propanol 


Callasolve  120 


Callasolve  120 


Callasolve  120 
Callasolve  1 20 


Callasolve  120 


Average 


Standard  Deviation 


1.8 

2.4 

1.6 

1.0 

1.0 

2.0 

1.6 

0.6 

2 

Parts  Prep 

6 

Parts  Prep 

10 

Parts  Prep 

11 

Parts  Prep 

15 

17 

Average 

Standard  Deviation 

1.2 

2.2 

1.8 

1.0 

0.6 

1.1 

Callasolve  120 

16 

Average 


Standard  Deviation 


0.9 

0.8 

2.0 

1.4 

1.7 

1.3 

1.4 

0.5 

Table  12.  Low  Temperature  (-67  F)  Peel  Strength  Values  for  Nickel  (Repair  Simulation) 


Degreaser 


Specimen  # 


Peel  Strength  (lbs/0.5  in) 


Peel  Strength  (pli) 


2-Propanol 

2 

2-Propanol 

4 

2-Propanol 

8 

2-Propanol 

13 

2-Propanol 

15 

2-Propanol 

19 

Callasolve  120 

3 

Callasolve  120 

7 

Callasolve  120 

11 

Callasolve  120 

14 

Callasolve  120 

15 

Callasolve  120 

17 

Average 


Standard  Deviation 


0.6 

0.4 
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Table  1 3.  Room  Temperature  {75  F)  Peel  Strength  Values  for  Stainless  Steel  (Manufacturing  Simulation) 
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Table  14.  Elevated  Temperature  (140  F)  Peel  Strength  Values  for  Stainless  Steel  (Manufacturing  Simulation) 


Degreaser 


Specimen 


Peel  Strength  (pli) 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1  1  1 

18 

2-Propanol 

3 

2-Propanol 

4 

2-Propanol 

8 

2-Propanol 

11 

2-Propanol 

14 

2-Propanol 

19 

Callasolve  120 

Callasolve  120 

< 

Callasolve  1 20 

Average 

2.3 

Standard  Deviation 

0.2 

Parts  Prep 

2 

Parts  Prep 

5 

Parts  Prep 

9 

Parts  Prep 

11 

Parts  Prep 

15 

Parts  Prep 

17 

Callasolve  1 20 

11 

Callasolve  1 20 

15 

Callasolve  1 20 

17 

Average _ 

Standard  Deviation 


0.4 

4.0 

8.8 

9.6 

3.7 
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Table  1 5.  Low  Temperature  (-67  F)  Peel  Strength  Values  for  Stainless  Steel  (Manufacturing  Simulation) 
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Table  16.  Room  Temperature  (75  F)  Peel  Strength  Values  for  Stainless  Steel  (Repair  Simulation) 


Average 

0.8 

1.7 

Standard  Deviation 

0.1 

0.2 
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Table  17.  Elevated  Temperature  (140  F)  Peel  Strength  Values  for  Stainless  Steel  (Repair  Simulation) 
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Table  18.  Low  Temperature  (-67  F)  Peel  Strength  Values  for  Stainless  Steel  (Repair  Simulation) 


Degreaser 


Specimen  # 


Peel  Strength  (pli) 


Callasolve  120 


0.2 

0.4 

0.4 

0.8 

0.2 

0.4 

Average 


Standard  Deviation 


2-Propanol 

12 

2-Propanol 

16 

2-Propanol 

20 

Parts  Prep 

10 

Parts  Prep 

14 

Parts  Prep 

16 

Callasolve  120 

5 

Callasolve  120 

9 

Callasolve  120 

11 

Callasolve  120 

1 

13 

Callasolve  1 2Q 

1 

16 

Average 


Standard  Deviation 


0.5 

Average 

Standard  Deviation 

0.8 

0.8 

0.4 

0.4 

0.8 

0.4 
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Table  19.  Room  Temperature  (75  F)  Peel  Strength  Values  for  Titanium  (Manufacturing  Simulation) 


Specimen  # 


Peel  Strength  (lbs/0.5  in) 


Peel  Strength  (pli) 


1 

1 

1 

1 

± 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Average 

Standard  Deviation 

2-Propanol 


2-Propanol 


2-Propanol 


2-Propanol 


2-Propanol 


2-Propanol 


Parts  Prep 


Parts  Prep 


Parts  Prep 


Parts  Prep 


Callasolve  120 


Callasolve  120 
Callasolve  120 


Callasolve  120 


Callasolve  120 
Callasolve  120 


Average 

Standard  Deviation 

8 

12 

15 

18 

Average 

Standard  Deviation 

6.2 

6.2 

7.0 

6.1 

6.8 

4.8 

6.2 

0.8 

.4 

.6 

.9 

Average 

5.5 

Standard  Deviation 

1.3 

5-40 


Table  20.  Elevated  Temperature  (140  F)  Peel  Strength  Values  for  Titanium  (Manufacturing  Simulation) 


Degreaser 


Specimen# 


Parts  Prep 

Parts  Prep 

1 

Parts  Prep 

1 

■aaiai 

1 

Callasolve  120 

1 

Callasolve  120 

4 

Callasolve  120 

6 

Callasolve  120 

12 

Callasolve  1 20 

15 

Callasolve  120 

20 

Average _ 

Standard  Deviation 
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Table  21 .  Low  Temperature  (-67  F)  Pee!  Strength  Values  for  Titanium  (Manufacturing  Simulation) 


Specimen  # 

Peel  Strength  (lbs/0.5  in) 

Peel  Strength  (pli) 

1 1 1 

4 

3.4 

6.8 

1  1  1 

7 

4.1 

8.2 

1  1  1 

9 

3.8 

7.6 

1 1 1 

13 

3.0 

6.0 

1 1 1 

15 

2.3 

4.6 

1 1 1 

18 

2.9 

5.8 

Average 

3.3 

6.5 

Standard  Deviation 

0.7 

1.3 

2-Propanol 

1 

4.7 

2-Propanol 

4 

3.8 

7.6 

2-Propanol 

8 

5.2 

10.4 

2-Propanol 

12 

5.0 

10.0 

2-Propanol 

15 

4.4 

8.8 

2-Propanol 

19 

4.5 

9.0 

Average 

4.6 

9.2 

Standard  Deviation 

0.5 

1.0 

2 

4.1 

8.2 

Parts  Prep 

5 

3.8 

7.6 

Parts  Prep 

9 

4.6 

9.2 

Parts  Prep 

10 

4.6 

9.2 

Parts  Prep 

13 

3.5 

7.0 

Parts  Prep 

16 

3.6 

7.2 

Average 

4.0 

8.1 

Standard  Deviation 

0.5 

1.0 

Callasolve  120 

3 

4.2 

8.4 

Callasolve  120 

7 

3.4 

6.8 

Callasolve  1 20 

9 

3.8 

7.6 

Callasolve  120 

10 

3.8 

7.6 

Callasolve  120 

13 

4.4 

8.8 

Callasolve  120 

16 

4.1 

8.2 

Average 

4.0 

7.9 

Standard  Deviation 

0.4 

0.7 

Table  22.  Room  Temperature  (75  F)  Peel  Strength  Values  for  Titanium  (Repair  Simulation) 


Degreaser  |  Specimen  # 


Peel  Strength  (lbs/0.5  in) 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2-Propanol 


2-Propanol 


2-Propanol 


2-Propanol 


Callasolve  120 


Callasolve  120 


Callasolve  120 


Callasolve  120 


Callasolve  120 


Callasolve  120 


1.6 

1.4 

1.8 

2.4 

2.6 

Average 

1.9 

Standard  Deviation 

0.5 

3.9 

4.2 

3.0 

4.0 

3.3 

3.2 

Average 

3.6 

Standard  Deviation 

0.5 

3.6 

3.2 

2.9 

2.8 

3.2 

3.5 

Average 

3.2 

Standard  Deviation 

0.3 
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Table  23.  Elevated  Temperature  (140  F)  Peel  Strength  Values  for  Titanium  (Repair  Simulation) 


Degreaser 

Specimen  # 

Peel  Strength  {lbs/0.5  in) 

Peel  Strength  (pli) 

111 

3 

7.2 

14.4 

1  1  1 

6 

6.2 

12.4 

1  1  1 

13 

4.0 

8.0 

1  1  1 

14 

5.2 

10.4 

111 

18 

6.6 

13.2 

1  1  1 

20 

6.4 

12.8 

Average 

5.9 

11.9 

Standard  Deviation 

1.2 

2.3 

2-ProDano! 

2 

2.3 

4.6 

2-ProDanol 

4 

2.9 

5.8 

2-Propanol 

9 

4.0 

8.0 

2-Propanol 

14 

2.8 

5.6 

2-Propanol 

16 

3.0 

6.0 

2-Propanol 

19 

3.2 

6.4 

Average 

3.0 

6.1 

Standard  Deviation 

0.6 

1.1 

Parts  Prep 

- 1 

1 

4.4 

8.8 

Parts  Prep 

3 

4.4 

8.8 

Parts  Prep 

9 

5.8 

1 1.6 

Parts  Prep 

13 

4.5 

9.0 

Parts  Prep 

16 

5.0 

10.6 

Parts  Prep 

19 

5.0 

10.0 

Average 

4.9 

9.7 

Standard  Deviation 

0.5 

1.1 

Callasolve  120 

4 

5.2 

10.4 

Cailasolve  120 

7 

5.6 

11.2 

Callasolve  120 

8 

5.0 

1 

10.0 

Callasolve  120 

13 

5.2 

10.4 

Callasolve  120 

14 

5.2 

10.4 

Callasolve  120 

19 

5.4 

10.8 

Average 

5.2 

10.5 

Standard  Deviation 

0.2 

> 

0.4 
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Table  24.  Low  Temperature  (-67  F)  Peel  Strength  Values  for  Titanium  (Repair  Simulation) 


Peel  Strength  (pli) 


1.8 

3.6 

2.8 

5.6 

2.4 

4.8 

3.0 

6.0 

3.3 

6.6 

Average 

2.6 

5.1 

Standard  Deviation 

0.6 

1.1 
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Table  25.  Peel  Strength  t-Test  Results  for  a  95%  Confidence  Interval  (Manufacturing  Simulation) 


TI^F) 

Adherends 

Sample  1 

Sample  2 

t 

t  Critical 

P  (one-tail) 

75 

7075-T6  Aluminum 

111  Trichloroethane 

2-Propanol 

6.27192 

2.01505 

0.00076 

75 

7075-T6  Aluminum 

1  1  1  Trichloroethane 

Parts  Prep 

0.59037 

2.01505 

0.29031 

75 

7075-T6  Aluminum 

1  1  1  Trichloroethane 

Callasolve  120 

2.28333 

2.01505 

0.03562 

75 

Electroformed  Nickel 

111  Trichloroethane 

2-Propanol 

1.30973 

2.01505 

0.12362 

75 

Electroformed  Nickel 

111  Trichloroethane 

Parts  Prep 

14.06973 

2.01505 

0.00002 

75 

Electroformed  Nickel 

111  Trichloroethane 

2.01505 

0.00025 

75 

AM355  Stainless  Steel 

111  Trichloroethane 

2-Propanol 

2.33126 

2.01505 

0.03355 

75 

AM355  Stainless  Steel 

1  1  1  Trichloroethane 

Parts  Prep 

9.42847 

2.01505 

0.0001 1 

75 

AM355  Stainless  Steel 

1  1  1  Trichloroethane 

Callasolve  120 

-3.65148 

2.01505 

0.00736 

75 

6AI-4V  Titanium 

1  1  1  Trichloroethane 

2-Propanol 

-1.40237 

2.01505 

0.10987 

75 

6AI-4V  Titanium 

1  1  1  Trichloroethane 

Parts  Prep 

-3.76427 

2.01505 

0.00655 

75 

6AI-4V  Titanium 

1  1  1  Trichloroethane 

Callasolve  120 

-1.70139 

2.01505 

0.07480 

140 

7075-T6  Aluminum 

1  1  1  Trichloroethane 

2-Propanol 

3.76912 

2.01505 

0.00652 

140 

7075-T6  Aluminum 

111  Trichloroethane 

Parts  Prep 

-0.55101 

2.01505 

0.30267 

140 

7075-T6  Aluminum 

111  Trichloroethane 

Callasolve  1 20 

3.27715 

2.01505 

0.01101 

140 

Electroformed  Nickel 

1  1  1  Trichloroethane 

2-Propanol 

0.12199 

2.01505 

0.45383 

140 

Electroformed  Nickel 

1  1  1  Trichloroethane 

Parts  Prep 

1.12660 

2.01505 

0.15553 

140 

Electroformed  Nickel 

111  Trichloroethane 

Callasolve  120 

4.46291 

2.01505 

0.00331 

140 

AM355  Stainless  Steel 

1  1  1  Trichloroethane 

2-Propanol 

-2.70434 

2.01505 

0.02128 

140 

AM355  Stainless  Steel 

1  1  1  Trichloroethane 

Parts  Prep 

0.06378 

2.01505 

0.47581 

140 

AM355  Stainless  Steel 

1  1  1  Trichloroethane 

Callasolve  1 20 

-3.36576 

2.01505 

0.00999 

140 

6AI-4V  Titanium 

111  Trichloroethane 

2-Propanol 

1.38350 

2.01505 

0.11255 

140 

6A1-4V  Titanium 

1  1  1  Trichloroethane 

Parts  Prep 

-4.21831 

2.01505 

0.00417 

140 

6A1-4V  Titanium 

111  Trichloroethane 

Callasolve  120 

-1.22506 

2.01505 

0.13756 

\ 

-67 

7075~T6  Aluminum 

111  Trichloroethane 

2-Propanol 

26.84080 

2.01505 

0.00000 

-67 

7075-T6  Aluminum 

111  Trichloroethane 

Parts  Prep 

-2.00562 

2.01505 

0.05061 

-67 

7075-T6  Aluminum 

111  Trichloroethane 

Callasolve  120 

-6.24175 

2.01505 

0.00077 

-67 

Electroformed  Nickel 

111  Trichloroethane 

2-Propanol 

-0.82448 

2.01505 

0.22360 

-67 

Electroformed  Nickel 

1  1  1  Trichloroethane 

Parts  Prep 

3.94941 

2.01505 

0.00543 

-67 

Electroformed  Nickel 

1  1  1  Trichloroethane 

Callasolve  120 

3.00276 

2.01505 

0.01500 

-67 

AM355  Stainless  Steel 

1  1  1  Trichloroethane 

2-Propanol 

1.16775 

2.01505 

0.14778 

-67 

AM355  Stainless  Steel 

1  1  1  Trichloroethane 

Parts  Prep 

0.43853 

2.01505 

0.33965 

-67 

AM355  Stainless  Steel 

1  1  1  Trichloroethane 

Callasolve  120 

0.29881 

2.01505 

0.38855 

-67 

6AI-4V  Titanium 

1  1  1  Trichloroethane 

2-Propanol 

-3.80571 

2.01505 

0.00628 

-67 

6AI-4V  Titanium 

111  Trichloroethane 

Parts  Prep 

-3.01257 

2.01505 

0.01483 

-67 

6AI-4V  Titanium 

111  Trichloroethane 

Callasolve  120 

-1.77229 

2.01505 

0.06827 
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Table  26.  Peel  Strength  t-Test  Results  for  a  95%  Confidence  Interval  (Repair  Simulation) 


75 

7075-T6  Aluminum 

1  1  1  Trichloroethane 

1  2-Propanol 

1  6.52490 

2.01505 

0.00063 

75 

7075-T6  Aluminum 

111  Trichloroethane 

2.01505 

0.03014 

75 

7075-T6  Aluminum 

111  Trichloroethane 

1  Callasolve  120 

1  4.62898 

2.01505 

0.00284 

Electroformed  Nickel 

1  1  1  Trichloroethane 

Electroformed  Nickel 

1  1  1  Trichloroethane 

Electroformed  Nickel 

1  1  1  Trichloroethane 

2-Propanol 


Parts  Prep 


Callasolve  120 


AM355  Stainless  Steel 

111  Trichloroethane 

AM355  Stainless  Steel 

111  Trichloroethane 

AM355  Stainless  Steel 

111  Trichloroethane 

Parts  Prep 


Callasolve  120 


-0.69561 


-1.56670 


-2.44451 


-5.27016 


-22.000001 


2.01505 


2.01505 


^^1 


2.01505 


2.01505 


2.01505 


5 

6AI-4V  Titanium 

1  1  1  Trichloroethane 

2-Propanol 

5 

6AI-4V  Titanium 

1  1  1  Trichloroethane 

Parts  Prep 

5 

6AI-4V  Titanium 

111  Trichloroethane 

Callasolve  120 

7075~T6  Aluminum 
7075-T6  Aluminum 


7075-T6  Aluminum 


1  1  1  Trichloroethane 
111  Trichloroethane 


1  1  1  Trichloroethane 


_ ^rts  Prep 


Callasolve  120 


1.96621 


2.52163 


2.01 

505 

2.01 

505 

2.01505 

AM355  Stainless  Steel 


AM355  Stainless  Steel 
AM355  Stainless  Steel 


6AI-4V  Titanium 
6Ai-4V  Titanium 
6AI-4V  Titanium 


7075-T6  Aluminum 
7075-T6  Aluminum 


7075-T6  Aluminum 


111  Trichloroethane 


111  Trichloroethane 
1  1  1  Trichloroethane 


1  1  1  Trichloroethane 
1  1  1  Trichloroethane 
111  Trichloroethane 


1  1  1  Trichloroethane 
111  Trichloroethane 


111  Trichloroethane 


2-Propanol 


Electroformed  Nickel 

1  1  1  Trichloroethane 

Electroformed  Nickel 

111  Trichloroethane 

Electroformed  Nickel 

111  Trichloroethane 

AM355  Stainless  Steel 

1  1  1  Trichloroethane 

AM355  Stainless  Steel 
AM355  Stainless  Steel 

111  Trichloroethane 
111  Trichloroethane 

6AI-4V  Titanium 

111  Trichloroethane 

6AI-4V  Titanium 

1  1  1  Trichloroethane 

6AI-4V  Titanium 

111  Trichloroethane 

2-Propanol 


2-Propanol 
Parts  Prep 


Callasolve  120 


2-PropanoI 


Parts  Prep 


Callasolve  120 


2-Propanol 


Parts  Prep 
Callasolve  1 20 


2-Propanol 
Parts  Prep 
Callasolve  120 


1.52837 


3.29670 

-0.22741 


2.01505 


2.01505 

2.01505 


1.69269 

2.01505 

1.53574 

2.01505 

8.87796 

2.01505 

-1.22390 

2.01505 

4.69505 

2.01505 

0.00000 

2.01 505 

-1.16775 

2.01505 

-3.87298 

2.01505 

-0.80757 

2.01505 

0.00000 

-2.00000 

2.01505 

2.01505 

-2.68543 

2.01505 

-6.84308 

2.01505 

-1.11514 

2.01505 

0.25884 


0.08898 


0.02916 


0.00044 


0.00164 


0.00000 


0.06465 


0.00045 

0.05322 


0.02653 


MEM 

Electroformed  Nickel 

1  1  1  Trichloroethane 

2-Propanol 

-0.03111 

2.01505 

0.48819 

140 

Electroformed  Nickel 

111  Trichloroethane 

Parts  Prep 

0.52597 

2.01505 

0.31070 

140 

Electroformed  Nickel 

1  1  1  Trichloroethane 

Callasolve  120 

0.68299 

2.01505 

0.26248 

0.09348 


0.01078 

0.41455 


0.00372 

0.07565 

0.09260 


0.00268 


0.50000 


0.14778 


0.00586 


0.22801 


Table  27.  Ill  Trichloroethane  Performance  versus  the  Proposed  Replacements 


T  (<’F)  Simulation 


Adherends 


75  Manufacturing  7075-T6  Aluminum 


75 

Manufacturing 

Electroformed  Nickel 

Manufacturing  AM355  Stainless  Steel 


Manufacturing  6AI-4V  Titanium 


140  I  Manufacturing  |  7075-T6  Aluminum 


140 

Manufacturing 

Electroformed  Nickel 

140  I  Manufacturing  AM355  Stainless  Steel 


140  Manufacturing  6A1-4V  Titanium 


-67 

Manufacturing 

7075-T6  Aluminum 

-67 

Manufacturing 

Electroformed  Nickel 

-67 

Manufacturing 

AM355  Stainless  Steel 

-67 

Manufacturing 

75 

Repair 

2-Propanol 


Callasolve  1 20 


2-Propanol 


Parts  Prep 


2-Propanol 


Callasolve  120 


6AI-4V  Titanium 


2-Propanol 


2-Propanol 
Parts  Prep 


1  1  1 


Performance 


Callasolve  1 20 


2-Propanol 


Callasolve  1 20 


2-Propanol 


Callasolve  120 


Parts  Prep 


Callasolve  120 

1  2-Propanol 

Parts  Prep 

5—48 


Table  27.  Ill  Trichloroethane  Performance  versus  the  Proposed  Replacements 
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Section  6: 

Alternative  Cleaner  Effects  on  Non-Destructive  Inspection 
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The  main  focus  of  this  portion  of  the  program  was  to  find  a  cleaner  that  could  be  utilized  as  a 
replacement  for  1,1.1  on  the  Depot  Maintenance  Work  Requirements  (DMWRs).  It  has  been 
determined  that  the  most  excessive  utilization  of  1,1,1  trichloroethane  in  all  of  the  NDI  techniques 
is  for  the  fluorescent  penetrant  inspection  method  according  to  MIL-STD-6866,  specifically  the 
solvent  removable  and  the  post-emulsifiable  methods.  Additionally,  since  those  FPI  methods  require 
the  highest  level  of  cleanliness,  if  a  replacement  cleaner  works  weU  with  these  processes,  it  wfil  work 
for  all  other  NDI  procedures  as  long  as  material  compatibility  is  maintained. 

Effects  of  Candidates  on  NDI 

Bofli  methods  of  FPI  employ  1,1,1  trichloroethane  during  the  pre-cleaning  stages.  The  solvent 
removable  method  uses  1,1,1  trichloroethane  during  the  cmcial  stage  of  removing  the  penetrant  dye 
from  the  area  where  the  indication  is  to  be  seen.  The  function  of  a  solvent  remover  is  to  remove  the 
excess  penetrant  from  the  part  after  allowing  penetrant  to  seep  into  the  crack  or  discontinuity. 
Ideally,  the  solvent  remover  would  completely  remove  all  the  penetrant  from  the  surface  only,  and 
any  penetrant  within  a  discontinuity  would  remain.  During  the  final  step  of  FPI,  a  developer  would 
be  applied  to  the  surface  and  the  discontinuity  would  be  highlighted  by  the  penetrant  dye  as  a  result 
of  capillary  action.  If  the  solvent  remover  dissolved  or  mixed  with  the  penetrant  and  carried  it  out 
of  the  discontinuity,  the  flaw  would  not  be  able  to  be  detected  during  the  developer  stage.  The 
solvent  removal  process  involves  removing  excess  penetrant  with  successive  clean  rags  or  towels 
until  penetrant  cannot  be  seen  on  the  rag  or  towel.  Then  a  clean  rag  or  towel  is  dampened  (not 
saturated)  with  solvent  remover,  and  the  remaining  excess  penetrant  is  removed.  The  1,1,1 
trichloroethane  utilized  as  a  solvent  remover  is  very  effective.  When  using  1,1,1  trichloroethane, 
it  is  not  necessary  to  adhere  to  the  exact  procedures,  since  the  process  variables  are  very  tolerant  to 
slight  changes  in  procedure.  Since  1,1,1  trichloroethane  solubilizes  debris  and  grease-containing 
contaminants  in  addition  to  the  dyes  utilized  in  the  FPI  process,  it  has  the  ability  to  remove  most 
contaminants  and  excess  dye  without  affecting  the  dye  within  a  discontinuity.  Class  2  solvent 
removers  will  not  be  as  tolerant  of  changes  in  the  procedure.  The  exact  procedures  must,  therefore, 
be  closely  followed  in  order  to  achieve  consistent  results. 

The  technique  for  determining  a  feasible  replacement  for  1,1,1  trichloroethane  in  the  FPI  process 
was  to  utilize  the  most  prospective  cleaners  in  both  the  solvent  removable  and  post-emulsifiable 
methods  in  addition  to  their  use  as  a  pre-cleaner  of  a  standard  contaminant.  Indications  are  typically 
interpreted  by  a  certified  inspector.  Since  there  can  be  considerable  variation  in  interpretation  from 
inspector  to  inspector,  a  light  photometer  was  employed  to  detect  the  brightness  of  the  indications 
achieved  from  each  prospective  replacement,  thereby  making  the  FPI  results  quantitative  rather  than 
qualitative.  The  most  difficult  indications  to  detect  and  achieve  reliable  and  consistent  results  are 
the  smallest  cracks  and  discontinuities.  Therefore,  testing  was  performed  on  three  (3)  cracked  bars 
fabricated  from  the  specified  materials  of  Ti-6A1-4V  or  Inconel  718  that  contained  minute  cracks 
between  20  and  60  mils,  0.020  and  0.060  inches  in  length.  Results  were  then  compared  with  the 
control  group,  which  employed  cleaning  with  1,1,1  trichloroethane.  There  also  existed  concern  that 
some  of  the  replacement  cleaners  or  solvent  removers  would  wash  out  an  indication  from  a  large  or 
wide  crack.  Therefore,  a  larger  crack,  0.372  inch  long  was  utilized  in  conjunction  with  1,1,1 
trichloroethane  and  the  alternatives  to  determine  their  effectiveness  on  large  cracks  and 
discontinuities. 
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The  following  discussion  has  been  condensed  and  provides  a  general  overview  of  the  manner 
in  which  cracks  of  known  size  were  propagated  in  FPI  test  panels.  The  cracked  test  specimens  were 
prepared  by  machining  a  specimen  geometry  that  could  be  fitted  into  a  fatigue  testing  machine  and 
cycled  until  a  specific  crack  size  was  obtained.  Calculations  were  made  to  pre-determine  the  proper 
loading  configuration  prior  to  fatigue  testing,  and  a  lot  of  trial  and  error  prevailed  during  this  phase 
of  the  program,  hi  order  to  quantify  the  exact  length  and  depth  of  the  crack,  a  number  of  cracks  had 
to  be  opened  and  measured.  Measurements  of  crack  depth  and  length  were  determined  by 
fractographic  analysis  utilizing  the  scanning  electron  microscope  (SEM).  The  actual  fatigue  crack 
region  would  contain  a  transgranular  morphology  that  could  easily  be  distinguished  from  that  of  the 
laboratory-induced  overload,  which  would  yield  a  dimpled  topography.  Once  a  particular  crack  size 
was  attained  repeatedly,  as  confirmed  by  breaking  open  the  crack  and  examining  the  fracture  surface 
under  the  SEM,  the  exact  parameters  of  the  fatigue  test  already  tested  would  simply  be  repeated  an 
additional  time  to  produce  another  specimen.  However,  this  time  the  crack  was  left  intact,  ready  for 
FPI. 


The  following  instruments  and/or  materials  were  utilized  in  the  FPI  portion  of  the  program: 

1)  MoSj  Grease:  5%  molybdenum  disulfide  grease  was  prepared  by  blending  MoSj  with  KSL 
performance  grease  from  Keystone  Lubricants  Inc.  (MIL-G-81322  or  MIL-G-21164).  For  both 
methods,  the  grease  was  mixed  with  Mobil  25  hydraulic  fluid  (MII^H-83282)  at  a  ratio  of  two  parts 
hydraulic  fluid  to  one  part  grease. 

2)  Photo  Research,  Model  USD,  PR-1500  Spectra  Spotmeter,  Photomultiplier-tube  Optical 
Photometer.  Utilized  to  obtain  light  or  indication  brightness  from  test  coupons  during  solvent 
removable  and  post-emulsifiable  methods  of  FPI. 

3)  Developer  -  D-1,  Type  I,  Form  A,  Dry  Powder,  Magnaflux  ZP-4B. 

4)  Emulsifier  -  20  %  FE-2,  Type  I,  Method  D,  Magnaflux  ZR-IOB. 

5)  Penetrant  -  FP-4,  Type  I,  Level  4,  Method  B-C  and  D,  Sherwin  RC-77. 

6)  Test  Coupons  -  4  different  test  coupons  were  utilized: 

a)  Inconel  718  -  Bar,  1  x  6  x  0.25  inch  with  a  0.021-inch  crack  in  the  center  of  its  surface 
labeled  “R-91.” 

b)  Inconel  718  -  Bar,  1  x  6  x  0.25  inch  with  a  0.052-inch  crack  in  the  center  of  its  surface 
labeled  “R-70.” 

c)  Ti-6A1-4V  -  Bar,  1  x  6  x  0.25  inch  with  a  0.054-inch  crack  in  the  center  of  its  surface 
labeled  “T-62.” 

d)  Ti-6A1-4V  -  Bar,  1  x  6  x  0.25  inch  with  a  0.372-mch  crack  in  the  center  of  its  surface 
labeled  “T-1.” 
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Procedure 


Solvent  Removable  Method  -  MIL.STD-6866 

1)  All  test  bars  were  pre-cleaned  in  the  following  manner: 

a)  Hand  wash  with  soapy  water  (typical  Alconox  solution). 

b)  Dip  bar  in  methanol. 

c)  Place  bar  in  1,1,1  trichloroethane  an  ultrasonically  clean  for  10  minutes. 

2)  Application  of  Contaminant 

a)  Utilizing  a  clean  glass  rod,  apply  two  drops  of  the  contaminant  to  the  test  bar. 

b)  Utilizing  a  wooden  applicator,  evenly  spread  the  contaminant  over  the  surface  of  the  bar. 

c)  Place  the  bar  in  a  dry  air  circulating  oven  for  2  hours  @  130“  F. 

3)  Cleaning  of  Contaminant 

a)  Apply  cleaner  to  rag/paper  towel  to  remove  large  deposits. 

b)  Continue  to  wipe  bar,  changing  wiping  area  of  rag  frequently  until  there  does  not  appear 
to  be  any  more  contaminant  to  be  removed  form  the  surface  (rag  is  clean). 

c)  Submerge  bars  in  bath  of  candidate  cleaner  and  place  in  ultrasonic  cleaner  for  10  minutes. 

d)  Remove  bars  from  bath  and  place  in  oven  at  130“  F  for  5  minutes  (additional  time  may 
be  necessary  for  some  cleaners).  Allow  to  cool  for  approximately  3  minutes. 

4)  Liquid  Penetrant 

a)  Dip  bar  in  liquid  penetrant  (IP)  or  apply  IP  to  the  bar  with  an  acid  brush. 

b)  Allow  the  IP  to  sit  for  5  minutes. 

c)  Wipe  excess  IP  off  the  bar  with  a  clean  rag  until  no  more  IP  is  being  removed  (i.e.,  the 
rag  remains  clean).  DO  NOT  use  any  solvent  on  the  rag  at  this  time. 

d)  With  a  solvent-dampened  (the  one  used  for  pre-cleaning)  clean  rag,  wipe  the  bar.  Place 
the  bar  occasionally  under  the  black  light  to  observe  the  amount  of  the  IP  on  the  surface. 
Continue  to  wipe  until  there  is  no  longer  any  streaks  of  IP  on  the  surface  of  the  bar. 

e)  Place  the  bars  in  the  oven  at  130“  F  for  5  minutes. 

5)  Developer 

a)  Remove  bars  from  oven. 

b)  Place  bar  in  developer,  allowing  the  developer  to  glide  off  the  bar,  and  then  let  sit  for 
5  minutes. 

6)  Brighmess  Measurements 

a)  Calibrate  instrument. 

b)  Measure  the  background  value  on  the  surface  near  the  crack  in  the  bar. 

c)  Measure  the  value  of  the  crack  indication. 

d)  For  the  total  value  of  the  indication,  subtract  the  background  reading  from  the  crack 
reading. 

e)  Record  all  measurements  and  observations. 
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7)  Post-Wash 

a)  Clean  off  developer  from  the  bar  in  soapy  water  (Alconox  solution). 

b)  Rinse  with  clean  water. 

c)  Dip  bar  in  methanol. 

d)  Place  bar  in  1,1,1  trichloroethane  and  put  in  an  ultrasonic  cleaner  for  10  minutes. 

e)  Check  bars  with  black  light  to  ensure  penetrant  has  been  removed  from  indications. 

f)  Oven  dry  bars  at  130°  F  for  5  minutes  and  allow  to  cool  for  3  minutes  before  reusing. 
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Post-Emulsifiable  Method  -  MIL-STD.6866 


The  testing  for  the  post-emulsifiable  method  was  performed  utilizing  two  separate  testing 
procedures.  These  testing  procedures  are  defined  as  follows: 

Test#l: 

1)  All  test  bars  were  pre-cleaned  in  the  following  maimer: 

a)  Hand  wash  with  soapy  water  (typical  Alconox  solution). 

b)  Dip  bar  in  methanol. 

c)  Place  bar  in  1,1,1  trichloroethane  and  ultrasonically  clean  for  10  minutes. 

2)  Application  of  Contaminant 

a)  Utilizing  a  clean  glass  rod,  apply  two  drops  of  the  contaminant  to  the  test  bar. 

b)  Utilizing  a  wooden  applicator,  evenly  spread  the  contaminant  over  the  surface  of  the  bar. 

c)  Place  the  bar  in  a  dry  air  circulating  oven  for  2  hours  @  130°  F. 

3)  Cleaning  of  Contaminant 

a)  Aqueous  cleaner  with  brush  to  remove  heavy  deposits. 

b)  Rinse  with  clean  water. 

c)  Dip  in  methanol  and  lightly  agitate  to  remove  excess  fluid. 

d)  Submerge  bars  in  bath  of  candidate  cleaner  and  place  in  ultrasonic  cleaner  for  10  minutes. 

e)  Remove  bars  from  bath  and  place  in  oven  at  130°  F  for  5  minutes  (additional  time  may  be 
necessary  for  some  cleaners).  Remove  bars  and  allow  to  cool  for  approximately  3  minutes. 

4)  Application  of  Liquid  Penetrant 

a)  Dip  bar  in  liquid  penetrant  (LP)  or  apply  LP  to  the  bar  with  an  acid  brush. 

b)  Allow  the  LP  to  sit  for  5  minutes. 

c)  With  black  light  on,  rinse  bars  to  remove  the  bulk  of  the  surface  penetrant  by: 

-  Manual  spray  utilizing  a  maximum  water  pressure  of  40  PSI  and  a  water  temperature  of 
50°  F-100°  F.  A  coarse  spray  nozzle  should  be  at  an  angle  of  45°,  and  at  a  distance  of 
approximately  12  inches  between  the  bar  and  the  nozzle  tip.  Washing  times  should  be  kept 
to  a  minimum. 

d)  After  rinsing,  blot  bars  dry  utilizing  a  clean  absorbent  material. 
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5)  Application  of  Hydrophilic  Emulsifier  (20%  by  Volume) 

a)  Dip  bar  in  emulsifier,  hold  for  approximately  5  seconds,  and  then  remove  and  stand 
specimens  upright  for  remainder  of  dwell  time.  Total  dwell  time  should  not  exceed  2  minutes. 
Optimum  dwell  time  is  approximately  1  minute  50  seconds. 

b)  With  black  light  on,  rinse  bars  to  remove  visible  surface  penetrant  by: 

-  Manual  spray  utilizing  a  maximum  water  pressure  of  40  PSI  and  a  water  temperature  of 
50“  F-100“  F.  A  coarse  spray  nozzle  should  be  at  an  angle  of  45“,  and  at  a  distance  of 
approximately  12  inches  between  the  bar  and  the  nozzle  tip.  Washing  times  should  be  kept 
to  a  minimum. 

c)  Place  bars  in  oven  at  130“  F  for  5  minutes. 

d)  Remove  from  oven  and  allow  to  cool  for  3  minutes. 

6)  Application  of  Developer 

a)  Dip  bar  in  developer  and  allow  developer  to  glide  off  the  bar. 

b)  Dwell  time  of  5  minutes. 

7)  Brightness  Measurements 

a)  ^sure  spotmeter  has  been  zeroed,  calibrated,  and  focused  at  daily  start-up.  Check  zeroing 
periodically. 

b)  Take  all  measurements  in  similar  sequence  and  minimize  the  amount  of  time  between 
readings  to  ensure  similar  dwell  times. 

c)  Measure  the  value  of  the  crack  indication. 

d)  Measure  the  background  value  on  the  surface  near  the  crack. 

e)  For  the  total  value,  subtract  the  background  reading  from  the  crack  value. 

f)  Record  all  measurements  and  observations. 

8)  Photography 

a)  Set  camera  for  approximately  2x  mag.  photos. 

b)  Use  white  paper  background. 

c)  Align  specimen  under  camera. 

d)  Set  aperture  to  fl  6. 

e)  Hold  a  yellow  filter  over  lens. 

f)  For  R  70  and  T61,  shot  time  shaU  be  40  seconds.  For  R  91  use  60  seconds  (for  ISO  800  Type 
53  film). 

g)  Remove  film  form  camera  and  wait  30  seconds  for  film  to  develop. 

9)  Post-Wash 

a)  Clean  off  developer  from  the  bar  in  soapy  water  (Alconox  solution). 

b)  Rinse  with  clean  water. 

c)  Dip  bar  in  methanol. 

d)  Place  bar  in  1,1,1  trichloroethane  and  put  in  an  ultrasonic  cleaner  for  10  minutes. 

e)  Check  bars  with  black  light  to  ensure  penetrant  has  been  removed  from  indications. 

f)  Oven  dry  bars  at  130“  F  for  5  minutes  and  allow  to  cool  for  3  minutes  before  reusing. 
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Test  #2: 


1)  All  test  bars  were  pre-cleaned  in  the  following  manner: 

a)  Hand  wash  wiA  soapy  water  (typical  Alconox  solution). 

b)  Dip  bar  in  methanol. 

c)  Place  bar  in  1,1»1  trichloroethane  an  ultrasonically  clean  for  10  minutes. 

2)  Application  of  Contaminant 

a)  Utilizing  a  clean  glass  rod,  apply  two  drops  of  the  contaminant  to  the  test  bar. 

b)  Utilizing  a  wooden  applicator,  evenly  spread  the  contaminant  over  the  surface  of  the  bar. 

c)  Place  the  bar  in  a  dry  air  circulating  oven  for  2  hours  @  130®  F. 

3)  Cleaning  of  Contaminant 

a)  Wipe  off  contaminant  with  a  clean  dry  cloth  until  visually  clean. 

b)  Place  bar  in  alternative  solvent  and  place  in  ultrasonic  tank  for  10  minutes. 

c)  Place  the  bar  in  a  dry  air  circulating  oven  for  2  hours  @  130°  F. 

d)  Remove  bars  from  oven  and  allow  to  cool  for  approximately  3  minutes. 

4)  Application  of  Liquid  Penetrant 

a)  Dip  bar  in  LP  or  apply  LP  to  the  bar  with  an  acid  brush. 

b)  Allow  die  LP  to  sit  for  5  minutes. 

c)  With  black  light  on,  rinse  bars  to  remove  the  bulk  of  the  surface  penetrant  by: 

-  Manual  spray  utilizing  a  maximum  water  pressure  of  40  PSI  and  a  water  temperature  of 
50°  F-100°  F.  A  coarse  spray  nozzle  should  be  at  an  angle  of  45°,  and  at  a  distance  of 
approximately  12  inches  between  the  bar  and  the  nozzle  tip.  Washing  times  should  be  kept 
to  a  minimum. 

d)  After  rinsing,  blot  bars  dry  utilizing  a  clean  absorbent  material. 

5)  Application  of  Hydrophilic  Emulsifier  (20%  by  Volume) 

a)  Dip  bar  in  emulsifier,  hold  for  approximately  5  seconds,  and  then  remove  and  stand 
specimens  upright  for  remainder  of  dwell  time.  Total  dwell  time  should  not  exceed  2  minutes. 
Optimum  dwell  time  is  approximately  1  minute  50  seconds. 

b)  With  black  light  on,  rinse  bars  to  remove  visible  surface  penetrant  by: 

-  Manual  spray  utilizing  a  maximum  water  pressure  of  40  PSI  and  a  water  temperature  of 
50°  F-100°  F.  A  coarse  spray  nozzle  should  be  at  an  angle  of  45°,  and  at  a  distance  of 
approximately  12  inches  between  the  bar  and  the  nozzle  tip.  Washing  times  should  be  kept 
to  a  minimum. 

c)  Place  bars  in  oven  at  130°  F  for  5  minutes. 

d)  Remove  from  oven  and  allow  to  cool  for  3  minutes. 

6)  Application  of  Developer 

a)  Dip  bar  in  developer  and  allow  developer  to  glide  off  the  bar. 

b)  Dwell  time  of  5  minutes. 
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7)  Brightness  Measurements 

a)  Bisure  spotmeter  has  been  zeroed,  calibrated,  and  focused  at  daily  start-up.  Check  zeroing 
periodically. 

b)  Take  all  measurements  in  similar  sequence  and  minimize  the  amount  of  time  between 
readings  to  ensure  similar  dwell  times. 

c)  Measure  the  value  of  the  crack  indication. 

d)  Measure  the  background  value  on  the  surface  near  the  crack. 

e)  For  the  total  value,  subtract  the  background  reading  from  the  crack  value. 

f)  Record  all  measurements  and  observations. 

8)  Photography 

a)  Set  camera  for  approximately  2x  mag.  photos. 

b)  Use  white  paper  background. 

c)  Align  specimen  under  camera. 

d)  Set  aperture  to  fl6. 

e)  Hold  a  yellow  filter  over  lens. 

f)  For  R  70  and  T61,  shot  time  shall  be  40  seconds.  For  R  91  use  60  seconds  (for  ISO  800  Type 
53  film). 

g)  Remove  film  form  camera  and  wait  30  seconds  for  film  to  develop. 

9)  Post  Wash 

a)  Clean  off  developer  from  the  bar  in  soapy  water  (Alconox  solution). 

b)  Rinse  with  clean  water. 

c)  Dip  bar  in  methanol. 

d)  Place  bar  in  1,1,1  trichloroethane  and  put  in  an  ultrasonic  cleaner  for  10  minutes. 

e)  Check  bars  with  black  light  to  ensure  penetrant  has  been  removed  from  indications. 

f)  Oven  dry  bars  at  130°  F  for  5  minutes  and  allow  to  cool  for  3  minutes  before  reusing. 

Results; 


The  data  presented  on  the  following  pages  represent  the  solvent  removable  and  post-emulsifiable 
methods  of  FPI  as  they  were  utilized  to  test  the  alternative  cleaners  in  comparison  with  1,1,1 
trichloroethane.  An  analysis  of  this  data  can  be  found  immediately  thereafter. 
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FPI  Test  Results 
Solvent  Removable  Method 


Specimen 

Spotmeter 

Background 

Reading 

Spotmeter 
Indication  Reading 

Total 

Reading 

Difference  From 
1.1.1 

Trichloroethane 

Relative 

Ranking 

(1-5) 

Date 

Testing 

Performed 

Cleaners 

5/10/95 


5/10/95 


1.1.1 

0.63 

41.30 

40.67 

2 

R-70 

0.24 

41.50 

41.26 

— 

1 

5/11/95 

R-91 

0.28 

1.50 

1.22 

— 

2 

Magnuflux  SKC-HF 

T-62 

0.42 

16.06 

15.64 

25.03 

3 

R-70 

0.37 

12.05 

11.68 

29.58 

3 

5/11/95 

R-91 

0.08 

0.69 

0.61 

0.61 

2 

Axarel  56 

T-62 

0.20 

47.50 

47.30 

-6.63 

3 

R-70 

0.22 

27.80 

27.58 

13.68 

2 

5/11/95 

1 

R-91 

0.12 

0.14 

0.02 

1.20 

3 

1,1.1 

T-62 

0.32 

1  45.20 

44.88  i 

— 

1 

1 

R-70 

0.23 

1  44.20 

43.97  ! 

— 

1 

I  5/12/95 

R-91 

0.28 

1.39 

1.11 

— 

1 

DS-108 

T-62 

0.07 

22.70 

22.63 

22.25 

2 

R-70 

0.06 

22.10 

22.04 

21.93 

2 

5/12/95 

R-91 

0.07 

1 

— 

— 

5 

TPC  Solvent 

T-62 

0.33 

23.60 

23.27 

21.61 

3 

R-70 

0.43 

17.10 

16.67 

27.30 

3 

5/12/95 

R-91 

0.25 

0.33 

0.08 

1.03 

3 
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1.1.1 

T-62 

0.14 

24.60 

24.46 

— 

1 

R-70 

0.21 

30.80 

30.59 

— 

1 

5/15/95 

R-91 

0.13 

0.64 

0.51 

— 

1 

1  1 

_ ^ ^ _ 

BioAct  113 

T-62 

0.01 

15.35 

15.34 

9.12 

2 

R-70 

0.09 

20.50 

20.41 

10.18 

2 

5/15/95 

R-91 

0.07 

0.22 

0.15 

0.36 

2 

I  I 

Electron  NDE 

T-62 

0.13 

13.81 

13.68 

10.78 

3* 

R-70 

0.31 

7.94 

7.63 

22.96 

4* 

5/15/95 

i 

R-91 

0.14 

— 

— 

— 

5* 

*  Not 

enough  cleaner  available  for  ultrasonic  immersion  | 

Desoclean  45 

T-62 

0.07 

37.10 

37.03 

-12.57 

1 

,i 

R-70 

0.09 

10.70 

10.61  I 

19.98 

1 

5/15/95 

R-91 

0.07 

1.60 

1.53 

-1.02 

1 

1.1,1 

T-62 

0.20 

42.80 

42.60 

““ 

!  1 

R-70 

0.22 

30.60 

30.38 

-  i 

1 

5/16/95 

R-91 

0.21 

1.61 

1.40 

— 

1 

P-D-680 

T-62 

0.62 

19.66 

19.04 

23.56 

3 

R-70 

0.26 

28.60 

28.34 

2.04 

3 

5/16/95 

R-91 

0.16 

0.19 

0.03 

1.37 

3 

_ 

i 

Isopropyl  Alcohol 

T-62 

0.09 

24.20 

24.11 

18.49 

2 

R-70 

0.13 

42.90 

42.77 

-12.39 

1 

5/16/95 

R-91 

0.09 

0.61 

0.52 

088 

2 

i 

Citrex 

T-62 

1.37 

5.79 

4.42 

14.62 

4 

R-70 

0.07 

21.30 

21.23 

7.11 

3 

5/16/95 

R-91 

0.06 

_ 

— 

— 

5 
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FPI  Test  Results 


Post-Emusifiable  Method  -  Test  #  1 

!  oZnzmn  i  ^  i  i  zr 


Specimen 

Spotmeter 

Background 

Reading 

. 

Spotmeter 
Indication  Reading 

- — _ 

Total 

Reading 

Difference  From 
111 

Trichloroethane 

Relative 

Ranking 

(1-5) 

Date 

Testing 

Performed 

Cleaners 

- - 

1.1.1 

T-62 

0.80 

21.40 

20.60 

- 

2 

R-70 

0.90 

28.00 

27.10 

- 

r  2 

6/21/95 

R-91 

1.00 

2.30 

1.30 

- 

^  1 

Citrex 

T-62 

0.60 

23.10 

22.50 

-1.90 

r  2 

R-70 

0.60 

38.50 

37.90 

-10.80 

1 

6/21/95 

r  R-91 

0.70 

1.50 

0.80 

0.50 

1 

Teksol  EP 

T-62 

0.60 

49.50 

48.90 

-28.30 

1 

R-70 

0.60 

34.50 

r33.90 

-6.80 

1 

6/21/95 

^  R-91 

0.70 

1.80 

^  1.10 

0.20 

1 

1.1.1 

T-62 

0.70 

^  30.50 

29.80 

— 

1 

R-70 

0.60 

39.00 

38.40 

— 

1 

6/22/95 

R-91 

0.70 

1.40 

0.70 

— 

1 

i 

Magnuflux  SKC-HF  T-62 

0.60  i  31.50 

30.90  ^  -110 

1 

R-70 

0.60  1  36.00 

35.40 

3.00 

1  1 

6/22/95 

R-91 

0.80 

2.60 

1.80 

-1.10 

- 

DS-108 

T-62 

0.70 

15.90 

15.20 

14.60 

2 

R-70 

0.70 

37.60  f 

36.90 

1.50 

1 

6/22/95 

R-91 

0.70 

150  ' 

0.80 

-0.10 

1 

Axarel  56 

T-62 

0.70 

2100  ' 

20.30 

9.50 

3 

R-70 

0.70 

2000  ^ 

19.30 

19.10 

3 

6/22/95 

R-91 

0.80 

120  i  0.40 

0.30 

2 

6-13 


1,1,1  0?70  islO  17.40  '  2 

R-70  070  37.00  36.30  —  1  6/23/95 

R-91  '  0?70  Z20  1.50  —  1 


1,1,1 

T-62 

0.72 

25.20 

24.48 

2 

R-70 

0.65 

44.00 

43.35 

— 

1 

6/24/95 

R-91 

0.71 

1.50 

0.79 

— 

1 

P-D-680 

T-62 

0.70 

37.60 

36.90 

-12.42 

1 

R-70 

0.70 

43.20 

42.50 

0.85 

2 

6/24/95 

— 

R-91 

0.70 

1.30 

0.60 

0.19 

1 

_ i 

1 

Electron  NDE 

T-62 

0.68 

33.90  j 

33.22 

-8.74 

1 

R-70 

0.61 

43.20 

42.59 

0.76 

2 

6/24/95 

R-91  i 

0.76.  j 

1.30 

0.54  j 

0.25 

1 

! 

- [ 

Desoclean  45 

T-62 

0.60 

37.10  I 

36.50 

-12.02 

1 

- \ 

R-70 

0.65 

10.70  ! 

1 

10.05 

33.30 

2 

6/24/95 

i 

R-91 

0.68 

1.60  1 

0.92 

-0.13 

1 

_ FPI  Test  Results _ 

Post-Emusifiable  Method  -  Test  #  2 


Specimen 

Spotmeter 

Background 

Reading 

-- 

Spotmeter 
Indication  Reading 

Total 

Reading 

Difference  From 
1.1.1 

Trichloroethane 

Relative 

Ranking 

(1-5) 

Date 

Testing 

Performed 

Cleaners 

1.1,1 

T-62 

0.79 

17.60 

16.81 

- 

1 

R-70 

0.72 

37.00 

36.28 

- 

2 

6/25/95 

R-91 

0.80 

1.20 

0.40 

- 

^  2 

Citrex 

T-62 

0.73 

17.20 

16.47 

0.34 

2 

- 1 

R-70 

0.74 

43.90 

43.16 

r  -6.88 

^  1 

6/25/95 

R-91 

0.83 

1.33 

0.50 

1  1 

i 

Teksol  EP 

T-62 

0.78 

^  27.60 

26.82 

-10.01 

1 

R-70 

0.80 

43.60 

42.80 

-6.52 

1 

6/25/95 

^  R-91 

'  0.85 

1.34 

0.49 

-0.09 

1 

1,1.1 

T-62 

— 

0.79 

28.30 

27.51 

— 

1 

R-70 

^  0.77 

40.10 

39.33 

— 

^  1 

r^/26/95 

— 

R-91 

0.82 

1.29 

0.47 

— 

1 

Magnuflux  SKC-HF 

T-62 

0.87 

16.70 

15.83 

11.68 

2 

R-70 

0.86 

46.30 

45.44 

-6.11 

1 

6/26/95 

R-91 

0.92 

1.27 

0.35 

0.12 

2 

- — _ 

— 

Axarel  56 

T-62 

0.81 

21.50 

20.69 

6.82 

3 

R-70 

0.77 

31.70 

30.93 

8.40 

2 

6/26/95 

R-91 

0.85 

1.70 

0.85 

-0.38 

1 

1 

1 

Magnuflux  SKC-HF 

T-62 

0.85 

19.10 

18.25 

9.26  1 

3 

R-70 

0.85 

17.10 

16.25 

23.08 

2 

6/26/95 

R-91 

0.91 

1.70 

0.79 

-0.32 

1 

6-15 


29.60 

41.00 

2.50 


6/27/95 


DS-108 


TPC  Solvent 


25.50 

41.10 

2.80 


6/27/95 


21.07 

32.59 

1.12 


6/27/95 


Bioact  113 


I  T-62 
!  R-70 

1  R-91 


16.63 

23.30 

0.68 


6/27/95 


Electron  NDE 


21.10 

39.10 

1.75 


6/27/95 


20.70 

47.90 

2.26 


19.90 

47.11 

1.40 


6/28/95 


Desoclean  45 


20.70 

47.90 

2.52 


19.86 

47.09 

1.52 


6/28/95 


P-D-680 


15.70 

42.20 

2.26 


14.75 

41.30 

1.29 


6/28/95 


Isopropyl  Alcohol  T-62 
R-70 
R-91 


6/28/95 
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Discussion  of  Non-Destructive  Inspection  Results! 


Results  obtained  from  the  FPI  portion  of  the  testing  were  somewhat  diverse.  It  has  been  widely 
accepted  that  complications  exist  in  acquiring  distinctions  among  the  related  test  data,  specifically 
brightness  indications,  from  separate  cleaners.  In  odier  words,  there  has  been  difficulty  in  precisely 
showing  cleaner  A  works  better  than  cleaner  B  in  the  FPI  process.  However,  distinctions  can  be 
made  between  cleaners  that  appear  to  work  well  and  cleaners  that  do  not.  The  testing  executed  in 
this  program  achieved  numerically  different  biighmess  readings  for  each  cleaner  in  both  the  solvent 
removable  and  the  post-emulsifiable  methods  through  the  use  of  a  state-of-the-art  optical 
photometer.  Therefore,  by  comparing  fliese  values  to  those  obtained  utilizing  1,1,1  trichloroethane, 
a  determination  of  the  cleaners’  replacement  feasibility  can  be  made  as  long  as  repeatability  of  the 
results  is  accounted  for.  Also,  a  relative  ranking  of  the  cleaners’  respective  FPI  feasibility  can  be 
deduced  from  both  the  numerical  data  and  the  operator’s  observations  during  actual  testing  and  use 
of  the  individual  cleanCTS.  It  was  apparent  from  the  testing  performed  that  the  processing  procedure 
and  the  manner  in  which  the  alternative  chemicals  were  utilized  were  extremely  critical.  Ultrasonic 
immersion  appears  to  be  the  most  prospective  process  for  the  post-emulsifiable  method  of  FPI,  whoi 
the  components  being  cleaned  are  rigid  enough  to  withstand  the  vibration.  Several  types  and  sizes 
of  heavy-duty  ultrasonic  tanks  are  commercially  available.  The  tanks  used  under  this  program  were 
far  inferior  to  the  capabilities  of  the  industrial  size  tanks.  It  is  suspected,  and  has  been  reported 
elsewhere,  that  surprising  results  can  be  obtained  by  making  use  of  industrial-type  ultrasonic  tanks. 
An  improvement  over  the  results  of  this  program  should  be  achievable  by  making  use  of  this 
technology.  Based  upon  the  data  acquired,  the  ranking  of  the  tested  cleaners  is  as  follows  for  the 
solvent  removable  method  and  the  post-emulsifiable  method: 


Cleaner 

Rank 

Solvent  Removable 
Accept/Non-Accept 

Rank 

Post-Emulsifiable 

Accept/Non-Accept 

Desoclean  45 

1 

A 

3 

A 

Bioact  113 

2 

A 

10 

NA 

DS-108 

3 

A 

A 

TPC  Solvent 

4 

A 

A 

Spotcheck  SKC-HF 

5 

A 

A 

Electron  NDT 

6 

A 

A 

TEKSOLEP 

7 

A 

1 

A 

Citrex 

8 

A 

2 

A 

Isopropyl  Alcohol 

9 

A 

9 

NA 

PD-680 

NA 

6 

A 

Axarel56 

11 

NA 

11 

NA 

This  testing  is  in  agreement  with  that  of  the  approved  replacements  from  Wright-Patterson  Air 
Force  Base  (WPAFB).  Electron  NDE,  DS-108,  Magnaflux  Spot-check,  and  PD-680  have  all  been 
approved  for  use  by  WPAFB  for  the  solvent  removable  method.  Desoclean  45  works  very  well  for 
both  processes  but  is  compromised  by  a  low  flash  point  and  certain  constituents  that  are  regulated, 
specifically  MEK,  MIK,  and  toluene. 
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Intentionally  left  blank. 
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Appendix  A: 

Dialog  Search  for  TGA  Alternative  Cleaners 


A-l 


Intentionally  left  blank. 


###  Status:  Dialog  Basic  Connection  Path  #1 

###  Status:  Initializing  modem  ... 

AT&FE1Q0V1X4&C1&D2&K4 

OK 

###  Status:  Dialing  primary  number  (448-4611)... 

ATDT448-4611 
CONNECT  9600 

###  Status:  Connection  established  at  9600  baud 


please  type  your  terminal  identifier 

-3523:01-002- 

please  log  in:  DIALOG 


DIALOG:  call  connected 
###  Status:  Connected 


DIALOG  INFORMATION  SERVICES 
PLEASE  LOGON: 

********  HHHHHHHH  SSSSSSSS? 

###  Status:  Signing  onto  Dialog 
******** 

ENTER  PASSWORD: 

********  HHHHHHHH  SSSSSSSS?  ******** 

Welcome  to  DIALOG 
###  Status:  Connected 

Dialog  level  36.08.01D 

Last  logoff:  26jul94  11:58:29 
Logon  file405  04aug94  13:54:48 

ANNOUNCEMENT  ****  ANNOUNCEMENT  ****  ANNOUNCEMENT 


***Dialog's  new  pricing  plan  effective  August  1.  *** 

See  Homebase  Announcements  for  details. 

***New  Health  Economic  News  Online  in  PHIND  (File  130) .  *** 

***CANADIAN  NEWSPAPERS  (File  727)  release  delayed  until  early 

August.  *** 

***Coming  in  August:  TRADEMARKSCAN(R)  -  AUSTRIA,  FRANCE,  and  ITALY 
(Files  662,  657,  and  673) .  See  Homebase  for  details. 

***NEW  on  Data-Star:  SUMMARY  OF  WORLD  BROADCASTS  and 

INTERNATIONAL  MARKET  RESEARCH  INFORMATION.  See  Homebase 
for  details. 
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***DialogLink  Now  Available  for  the  Macintosh! 

***The  Enhanced  DIALOG  Menus  is  NOW  Available  -  BEGIN  MENUS  to 

Use  the  New  DIALOG  Menus.  *** 

***The  FAMILY  RESOURCES  Database  (File  291)  No  Longer  Updated.  *** 

***CAREER  PLACEMENT  REGISTRY  (File  162)  Removed  from  DIALOG.  *** 

»>  Enter  BEGIN  HOMEBASE  for  Dialog  Announcements  «< 

»>  of  new  databases,  price  changes,  etc.  «< 

»>  Announcements  last  updated  for  29jul94  «< 

Banner  display  set  OFF. 

HILIGHT  set  on  as 
KWIC  is  set  to  5. 

BLIP  set  on 

NOTICE  set  ON  to  $25.00 

You  will  be  prompted  to  confirm  each  output  request  that  exceeds  $25.00 
COST  =  ONESEARCH. 

Please  enter  SUBACCOUNT  name/number; 

? 

?bulluck 

Is  BULLUCK  the  SUBACCOUNT  you  want  to  use?  (Y/N) 

?y 

Subaccount  is  set  to  BULLUCK 
SYSTEM:  HOME 

Menu  System  II:  D2  version  1.7.1  term=ASCII 
Terminal  set  to  DLINK 

***  DIALOG  HOMEBASE (SM)  Main  Menu  *** 

Information: 

1.  Announcements  (new  files,  free  connect  time,  price  changes,  etc.) 

2.  Database,  Rates,  &  Command  Descriptions 

3.  Help  in  Choosing  Databases  for  Your  Topic 

4.  Customer  Services  (telephone  assistance,  training,  seminars,  etc.) 

5.  Product  Descriptions 

Connections : 

6.  DIALOG  Menus  (SM) 

DIALOG  Business  Connection (R) ,  Headlines (SM) ,  Medical  Connection (SM 

8.  DIALOG  SourceOne (SM)  Document  Delivery 

9.  Data-Star 

10.  Other  Online  Menu  Services  &  Files  (MoneyCenter (R) ,  OAG,  TNT,  etc.) 


/H  -  Help  /L  =  Logoff  /NOMENU  =  Command  Mode 


Enter  an  option  number  to  view  information  or  to  connect  to  an  online 
service.  Enter  a  BEGIN  command  plus  a  file  number  to  search  a  database 
(e.g.,  B1  for  ERIC). 

?b  411 
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04aug94  13:55:25  User036172  Session  D436.1 
Sub  account:  BULLUCK 

$0.00  0.010  Hrs  FileHomeBase 

$0.00  Estimated  cost  FileHomeBase 
$0.11  TYMNET 

$0.11  Estimated  cost  this  search 

$0.11  Estimated  total  session  cost  0.010  Hrs. 

File  411:DIALINDEX{R) 

DIALINDEX (R) 

(c)  1994  Dialog  Info.Svcs. 

***  DIALINDEX  search  results  display  in  an  abbreviated  *** 
***  format  unless  you  enter  the  SET  DETAIL  ON  command.  *** 
?sf  chembus,  chemlit,  chemprop,  chemsubs 
You  have  51  files  in  your  file  list. 

(To  see  banners,  use  SHOW  FILES  command) 

?s  (trichloroethane  and  replac?) 

Your  SELECT  statement  is: 

s  (trichloroethane  and  replac?) 

Items  File 


157 

4 
44 

1 

5 
3 
1 

51 
92 

2 

17 

5 

184 

118 

62 

18 

52 
51 

5 

9 

18 

5 

1 

3 

17 

2 

3 

12 


16:  PTS  PROMT  (TM)_1 972 -1994 /Aug  04 
18:  PTS  F&S  INDEX (R)_1980-1994/JulW5 
19:  Chem. Industry  Notes_1974-1994/ISS  31 
111:  Natl. Newspaper  Index (TM) _1 97 9-1 994 /Aug 
148:  Trade  &  Industry  Index (TM)_1981-1994/Jul  W4 
257:  API  Energy  Bus  News_1975-1994/ Jul  W4 
269:  Materials  Bus. File (TM)_1985-1994/May 
319:  Chem  Bus  NewsBase_l 984-1 994/ Iss  29 
545:  Investext (R)_1982-1994/Aug  03 
563:  ICC  Int.Bus.Res_1986-1994/Jul  W3 
624:  McGraw-Hill  Publications  Online_1985-1994/Aug  01 

637:  Journal  of  Commerce_1986-1994/Aug  03 
648:  Trade  &  Industry  ASAP (TM)_1983-1994/Jul  W4 
669:  Fed. Regis ter_l 98 8-1 994 /Aug  04 
763:  Freedonia  Market  Res.  1990-1994/Jul  20 
764:  BCC  Market  Research 

799:  Textline  Curr. Glob. News_l 993- 1994 /Aug  04 
772:  Textline  Global  News  1990-1992 
771:  Textline  Global  News~1980-1989 
2:  INSPEC_1969-1994/Jul~W5 
8:  Ei  Compendex*Plus(TM)  197 0-1 9 94 /Aug  W4 
32:  METADEX(R)_1966-1994/May 
33:  Aluminium  Industry  Abs.  1968-1994/Mav 
144:  Pascal_1973-1994/Jul 
302:  Kirk-Othmer  Online 

305:  Analytical  Abstracts  Online_1980-1994/Aug 
315:  ChemEng  &  Biotec  Abs_1970-1994/Aug 
317:  Chemical  Safety  Newsbase_1981-1994/Aug 
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40  323:  RAPRA  Abstracts_1972-1994/Jul  B2 

30  340;  CLAIMS (R) /US  Patents  Abs_1950-1994/ Jun 

38  351:  DERWENT  WPI_1981-1994/UD=9423;UA=9420UM=9411 

10  350:  Derwent  World  Pat ._1963-1980/UD=9420 

15  353:  APIPAT_1964-1994/May 

63  354:  APILIT_1964-1994/ Jun 

13  399:  CA  Search (R)_1967-1994/UD=12104 

8  434:  Scisearch(R)_1974-1994/Jul  W2 

Examined  50  files 

36  files  have  one  or  more  items;  file  list  includes  51  files. 

?rf 

Your  last  SELECT  statement  was: 

S  (TRICHLOROETHANE  AND  REPLAC?) 


Ref 

Items 

File 

N1 

184 

648: 

Trade  &  Industry  ASAP(TM)  1983-1994/ Jul  W4 

N2 

157 

16: 

PTS  PROMT (TM)_1972-1994/Aug  04 

N3 

118 

669: 

Fed. Register  1988-1994/Aug  04 

N4 

92 

545: 

Investext(R)  1982-1994/Aug  03 

N5 

63 

354; 

APILIT_1964-1994/Jun 

N6 

62 

763: 

Freedonia  Market  Res 990-1 994/ Jul  20 

N7 

52 

799: 

Textline  Cur r .Glob. News_l 993- 1994 /Aug  04 

N8 

51 

319: 

Chem  Bus  NewsBase  1984-1994/Iss  29 

N9 

51 

772: 

Textline  Global  News_l 990-1 992 

NIO 

44 

19: 

Chem. Industry  Notes  1974-1994/ISS  31 

36 

files  have 

one  or 

more  items;  file  list  includes  51  files. 

-  Enter  P  or  PAGE  for  more  - 

?p 

Your  last  SELECT  statement  was: 

S  (TRICHLOROETHANE  AND  REPLAC?) 


Ref 

Items 

File 

Nil 

40 

323: 

N12 

38 

351: 

N13 

30 

340: 

N14 

18 

764: 

N15 

18 

8: 

N16 

17 

624: 

N17 

17 

302; 

N18 

15 

353: 

N19 

13 

399: 

N20 

12 

317; 

36 

files  have 

one  or 

RAPRA  Abstracts_l 972-1 994/ Jul  B2 
DERWENT  WPI_1981-1994/UD=9423;UA=9420UM=9411 
CLAIMS (R) /US  Patents  Abs_1950-1994/ Jun 
BCC  Market  Research 

Ei  Compendex*Plus (TM)  _1970-1994/Aug  W4 
McGraw-Hill  Publications  Online_1985-1994/Aug  01 

Kirk-Othmer  Online_ 

APIPAT_1964-1 994/May 
CA  Search (R)_1967-1994/UD=12104 
Chemical  Safety  Newsbase_1981-1994/Aug 
more  items;  file  list  includes  51  files. 


-  Enter  P  or  PAGE  for  more  - 
?P 

Your  last  SELECT  statement  was: 


S  (TRICHLOROETHANE  AND  REPLAC?) 


Ref 

Items 

File 

N21 

10 

350; 

Derwent  World  Pat.  1963-1980/UD=9420 

N22 

9 

2: 

INSPEC  1969-1994/Jul  W5 

N23 

8 

434: 

Scisearch(R)_1974-1994/Jul  W2 

N24 

5 

148: 

Trade  &  Industry  Index (TM)_1981-1994/Jul  W4 

N25 

5 

637: 

Journal  of  Commerce_1986-1994/Aug  03 

N26 

5 

771: 

Textline  Global  News  1980-1989 

N27 

5 

32; 

METADEX(R)  1966-1994/May 

N28 

4 

18: 

PTS  F&S  INDEX (R)_1980-1994/JulW5 

N29 

3 

257: 

API  Energy  Bus  News  1975-1994/ Jul  W4 

N30 

3 

144: 

Pascal_1973-1994/Jul 

36 

files  have 

one  or 

more  items;  file  list  includes  51  files. 

-  Enter  P  or  PAGE  for  more  - 

?p 

Your  last  SELECT  statement  was: 

S  (TRICHLOROETHANE  AND  REPLAC?) 


File 

315:  ChemEng  &  Biotec  Ab5_1970-1994/Aug 
563:  ICC  Int .Bus.Res_1986-1994/Jul  W3 
305:  Analytical  Abstracts  Online_1980-1994/Aug 
111:  Natl. Newspaper  Index (TM)_1979-1994/Aug 
269:  Materials  Bus. File {TM)_1985-1994/May 
33:  Aluminium  Industry  Abs._l 968-1 994/May 
158:  Diogenes {R)_1976-1994/Jul  25 
211:  Newsearch (TM)_1 994/Aug  03 
318:  Chemplant  Plus_1994/ Jun 
360:  Fine  Chemicals  Database_l 991/S 1 
e  or  more  items;  file  list  includes  51  files. 

-  Enter  P  or  PAGE  for  more  - 
?save  temp 

Temp  SearchSave  "TD098"  stored 
?1 

»>"L"  command  not  valid  in  DIALINDEX. 

?logoff 

04aug94  13:58:09  User036172  Session  D436.2 
Sub  account :  BULLUCK 

$1.50  0.050  Hrs  File411 

$1.50  Estimated  cost  File411 
$0.57  TYMNET 

$2.07  Estimated  cost  this  search 

$2.18  Estimated  total  session  cost  0.060  Hrs. 


Ref 


Items 


N31 

N32 

N33 

N34 

N35 

N36 

N37 

N38 

N39 

N40 


3 

2 

2 

1 

1 

1 

0 

0 

0 

0 


36  files  have 


on 


###  Status:  Signed  Off. 
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###  Status:  Dialog  Basic  Connection  Path  #1 

###  Status:  Initializing  modem  _ 

AT&FE1Q0V1X4 &C1 &D2 &K4 
OK 

###  Status:  Dialing  primary  number  (448-4611)... 

ATDT448-4611 
CONNECT  9600 

###  Status:  Connection  established  at  9600  baud 


please  type  your  terminal  identifier 

-3523:01-005- 

please  log  in:  DIALOG 


DIALOG:  call  connected 
###  Status:  Connected 


DIALOG  INFORMATION  SERVICES 
PLEASE  LOGON: 

********  HHHHHHHH  SSSSSSSS? 

###  Status:  Signing  onto  Dialoa 

* 'k  * -ir -k  * ’ic  ^ 

ENTER  PASSWORD: 

********  HHHHHHHH  SSSSSSSS?  ******** 
Welcome  to  DIALOG 
###  Status:  Connected 

Dialog  level  36.08.01D 


Last  logoff:  04aug94  13:58:09 
Logon  file405  04aug94  15:46:45 
Banner  display  set  OFF. 

HILIGHT  set  on  as  ’*' 

KWIC  is  set  to  5. 

BLIP  set  on 

NOTICE  set  ON  to  $25.00 

You  will  be  prompted  to  confirm  each 

COST  =  ONESEARCH. 

Please  enter  SUBACCOUNT  name/number- 


output  request  that 


exceeds  $25.00 


?bulluck/f7411 

Is  BULLUCK/F7411  the  SUBACCOUNT  you  want  to  use?  (Y/N) 

Subaccount  is  set  to  BULLUCK/F7411 
SYSTEM: HOME 

Menu  System  II:  D2  version  1.7.1  term=ASCII 
Terminal  set  to  DLINK 


***■  DIALOG  HOMEBASE(SM)  Main  Menu  *** 
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CNJ  + 


Information: 

1.  Announcements  (new  files,  free  connect  time,  price  changes,  etc.) 

2.  Database,  Rates,  &  Command  Descriptions 

3.  Help  in  Choosing  Databases  for  Your  Topic 

4.  Customer  Services  (telephone  assistance,  training,  seminars,  etc.) 

5.  Product  Descriptions 

Connections: 

6.  DIALOG  Menus  (SM) 

^7.  DIALOG  Business  Connection (R) ,  Headlines (SM) ,  Medical  Connection (SM 

8.  DIALOG  SourceOne (SM)  Document  Delivery 

9.  Data-Star 

10.  Other  Online  Menu  Services  &  Files  (MoneyCenter (R) ,  OAG,  TNT,  etc.) 
/H  =  Help  /L  =  Logoff  /NOMENU  =  Command  Mode 


Enter  an  option  number  to  view  information  or  to  connect  to  an  online 
service.  Enter  a  BEGIN  command  plus  a  file  niamber  to  search  a  database 
fo3r  ERIC)  • 

?b  chembus, chemlit, chemprop, chemsubs 


04aug94  15:47:55  User036172  Session  D437.1 
Sub  account :  BULLUCK/ F7 4 1 1 

$0.00  0.033  Hrs  FileHomeBase 

$0.00  Estimated  cost  FileHomeBase 
$0.38  TYMNET 

$0.38  Estimated  cost  this  search 

$0.38  Estimated  total  session  cost  0.033  Hrs. 


SYSTEM: OS  —  DIALOG  OneSearch 

‘File  304-  ?TOe'^lEL?’FILE  30/5®  “®®>^/customer  agreement. 

*  FILE  304  for  Merck  Index  Online  background  info. 

Type  In  HELP  NEwlsn  for  loL 
1-  the  prices  are  $120  per  hour. 

Print  (Full  record),  and  $1.00  for  View 

^  command  is  $.02  per’record 
fee.  Price  of  RANK  command  is  $.02  per  record’ 
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53  986  RD  S2  (unique  items) 

?s  s3/eng 

»>Term  "ENG"  is  not  defined  in  one  or  more  files 

54  955  S3/ENG 

?s  s4/ti,de 

»>Term  "DE"  is  not  defined  in  one  or  more  files 
»>Term  "ti"  is  not  defined  in  one  or  more  files 

55  228  S4/TI,DE 

?t  5/6/all 

5/6/1  (Item  1  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 
05108303 

HCFC  141b  Replacement  Developed 

♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  119 
5/6/2  (Item  2  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 
05082264 

New  product  line  replaces  1,1,1  and  CFC-113 

1, 1, 1  and  CFC’”113  New  Oxsol  non“OZone  depleting  solvents  c 
an 

replace  CFC-113  or  1, 1, 1-trichloroethane  in  many  uses 


5/6/3  (Item  3  from  file:  16) 

DIALOG(R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv 
05041939 

Mid-Size  Firms  Slow  to  Replace  Trichloroethane 


A-ll 


♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  127 


5/6/4  (Item  4  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 
04806655 

Dow  Restructures  Solvents  To  Replace  Methyl  Chloroform 

Replace  Methyl  Chloroform'^Will  spend  some  $100  mil  to  reorganize  glob 
al 

chlorinated  hydrocarbons  bsns 
♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  364 


5/6/5  (Item  5  from  file:  16) 

DIALOG(R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 
04532957 

Lower  solvent  use  fails  to  hit  production 

Europe:  Use  of  1, 1, 1-trichloroethane  should  be  cut  50%  by  1994  &  ban 
ned 

totally  in  1995 

♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  193 


5/6/6  (Item  6  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 
04524903 

Fujitsu  General  to  Eliminate  Freon,  Trichloroethane  from  Cleani 
ng 

Processes 

♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  87 


5/6/7  (Item  7  from  file:  16) 

DIALOG(R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 
04452598 

2  U.S.  Chemical  Firms  To  Sell  CFC  Alternatives  In  Japan 

Occidental  Chemical:  To  introduce  1, 1, 1-trichloroethane  solv 

ent 

alternative  as  CFC  replacement,  Japan 


5/6/8  (Item  8  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 
04422615 

1,1,1  Demand  Chips  Into  Rationed  Supply 

♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  865 
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5/6/9  (Item  9  from  file;  16) 

DIALOG (R) File  16; (c)  1994  Information  Access  Co.  All  rts.  reserv. 
04290140 

Recyclable  Metal  Cleaner  To  Replace  Ozone  Depleter 

Replace  Ozone  Depleter'^Nikko  Petrochemical;  Develops  NS  Cle 
an 

hydrocarbon— based  recyclable  metal  cleaner 


5/6/10  (Item  10  from  file;  16) 

DIALOG (R) File  16; (c)  1994  Information  Access  Co.  All  rts.  reserv 

04284621 

Murata  promises  a  Freon  spring  clean 

♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  138 


5/6/11  (Item  11  from  file;  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

04267510 

The  new  agenda  for  chlorinated  solvents 

W  Europe:  Chlorinated  solvents  use  falls  50%  since  1974  due 
to  ’ 

chlorine— linked  concerns  &  matrl  recycling 


5/6/12  (Item  12  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

04231489 

^TERIALS  &  COMPONENT  NEWS:  ROSSTECH  (TM)  CFC-FREE  FORMULA  REPLAC 
TRICHLOROETHANE 

♦FULL  TEXT  AVAILABLE  IN  FORMAT. 9 ♦  WORD  COUNT:  247 


5/6/13  (Item  13  from  file;  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv 

04213782 

FOOD  FLAVORING  REPLACES  TRICHLOROETHANE 
♦FULL  TEXT  AVAILABLE  IN  FORMAT  9^  WORD  COUNT:  72 


5/6/14  (Item  14  from  file:  16) 

DIALOG (R) File  16; (c)  1994  Information  Access  Co.  All  rts. 


‘  04115966 

New  Cleaning  Agents  Replace  Ozone-Depleting 
♦FULL  TEXT  AVAILABLE  IN  FORMAT  9^  WORD  COUNT 


Solvents 

241 


reserv. 
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5/6/15  (Item  15  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

03908318 

SAVING  THE  OZONE  LAYER 

Hewlett-Packard:  Managers  cease  using  CFCs  on  Montreal  Protocol  li 

t  & 

others 

♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  551 


5/6/16  (Item  16  from  file:  16) 

DIALOG(R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

03907279 

Honda  to  Discontinue  Use  of  Trichloroethane  and  CFCs 
♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  138 


b/6/11  (Item  17  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

03907255 

Nissan  to  Phase  Out  Use  of  Trichloroethane 
♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  118 


5/6/18  (Item  18  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

03851878 

Zexel  to  Phase  Out  Use  of  CFCs  and  Trichloroethane 


5/6/19  (Item  19  from  file:  16) 

DITUiOG (R)  File  16:  (c)  1994  Information  Access  Co.  All  rts.  reserv. 

03842155 

Nissan  to  Phase  Out  Use  of  1,1,1-  Trichloroethane 


5/6/20  (Item  20  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

03738349 

7VSAHI  TO  REDUCE  1,1,1-TRI  SALES  BY  50% 

♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  62 


5/6/21  (Item  21  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 
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03670977 

ASAHI ' S  1,1,1, -TRI  REPLACEMENTS 

^  REPLACEMENTS  ''Asahi  Chemical  Industry:  Develops  series  of  aqueous 

semiaqueous  cleaning  agents 
*FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  100 


5/6/22  (Item  22  from  file:  16) 

DIALOG(R)File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv 


03668978 

aqueous  and  aemi-aqueous  cleaning  agents 
rULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  183  ^ 


5/6/23  (Item  23  from  file:  16) 

DIALOG(R)File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

03552915 

^^^ReSaLm^nr''''rr  CFC  Replacement  Cleaner 

placement  Cleaner  Intnl  Specialty  Products:  Introduces  PartsPr 

metal  degreaser 

*FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  416 


5/6/24  (Item  24  from  file:  16) 

DIALOG  (R)  File  16:  (c)  1994  Infomation  Access  Co.  All  rts.  reserv. 

03071886 

Replacing  1,1,1-  Trichloroethane 
FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT:  263 

5/6/25  (Item  25  from  file.:  16) 

DIALOG(R)File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

02645461 

Methyl  Chloroform  Is  Seen  A  Maim"  Pr-z-iKi  am  a 
♦FULL  TEXT  AVAILABLE  IN  FORMAT  9*  WORD  COUNT^  654^^ 


5/6/26  (Item  26  from  file:  16) 

DIALOG(R)Flle  16:  (C)  1994  Information  Access  Co.  All  rts.  reserv. 

02613441 

Consumer  boycott  of  trichloroethane  urged 

trichloroethane  urged'Natural  Resources  Defense  Council  calls  f 

boycott  of  household  products  containing  trichloroethane 
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5/6/21  (Item  27  from  file:  16) 

DIALOG (R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

02106091 

Chemical  profile:  1,1,1-  trichloroethane 

trichloroethane  ''Demand  for  1, 1, 1-trichloroethane  to  total  705  mil  lb 
in 

1989  and  735  mil  lb  in  1993 


5/6/28  (Item  28  from  file:  16) 

DIALOG(R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

01975271 

Finishers  and  paint  formulators  can  use  1,1,1-  trichloroethane 

trichloroethane  ■''Inhibited  grades  of  1, 1, 1— trichloroethane  can  be  us 
ed 

in  coatings  in  place  of  VOC-type  solvents 


5/6/29  (Item  29  from  file:  16) 

DIALOG(R) File  16: (c)  1994  Information  Access  Co.  All  rts.  reserv. 

01804689 

DOW  OFFERS  NEW  LOW-VOC  GRADE  OF  1, 1, 1-TRICHLORETHANE  FOR  CALI FOR 
NIA 

COATINGS  MARKET 


5/6/30  (Item  1  from  file:  19) 

DIALOG(R) File  19: (c)  1994  Amer .Chem.Soc.  All  rts.  reserv. 

1041890 

New  powerful  washing  agent  to  replace  trichloroethane 
Major  Descriptor:  ^washing  agent  trichloroethane  replacement  Perclean 


5/6/31  (Item  2  from  file:  19) 

DIALOG(R) File  19: (c)  1994  Amer .Chem.Soc.  All  rts.  reserv 

1040569 

German-made  hydrocarbon  solvents  make  debut 
Major  Descriptor:  *hydrocarbon  solvent  sales  Japan 


5/6/32  (Item  3  from  file:  19) 

DIALOG(R)File  19: (c)  1994  Amer .Chem. Soc.  All  rts.  reserv. 

1033611 

Wipe  solvents 

Major  Descriptor:  -"solvent  organic  freon  substitute  sealant  use  US 
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reserv. 


(Item  4  from  file:  19) 

DIALOG(R) File  19: (c)  1994  Amer .Chem.Soc.  All  rts. 

1023982 

OxyChem  adds  solvent  line 
Major  Descriptor:  *solvent  nonozone  depleting  trichloroethane  replaceme 

Oxsol 


5/6/34  (Item  5  from  file:  19) 

DIALOG(R) File  19: (c)  1994  Amer. Chem.Soc.  All  rts.  reserv 

1007343 

Planning  for  1,1, I's  demise 
Major  Descriptor:  *cos  plan  for  phaseout 


5/6/35  (Item  6  from  file:  19) 

DIALOG (R) File  19: (c)  1994  Amer. Chem.Soc.  All  rts.  reserv 


1005626 

Mass-production  of  alternative  cleaner 
Ma^or  Descriptor:  *cleaner  plant  Japan 


moves  into  top  gear 


5/6/36  (Item  7  from  file:  19) 

DIALOG(R)File  19: (c)  1994  Amer .Chem. Soc.  All  rts.  reserv 


981884 

Mo?  US  Chemical  firms  to  sell  CFC  alternatives  j 
Ma^or  Descriptor:  *trichloroethane  sales  Japan 


Japan 


5/6/37  (Item  8  from  file:  19) 

DIALOG (R) File  19: (C)  1994  Amer .Chem. Soc.  All  rts.  reserv 


963921 

Recyclable  metal  cleaner  to  replace  ozone  depleter 
33 or  Descriptor:  *metal  cleaning  agent  sales  Japan 


5/6/38  (Item  9  from  file:  19) 

DIALOG(R)File  19:  (c)  1994  Amer. Chem. Soc.  All  rts.  reserv.. 

953698 

Researchers  say  melons  may  be  ozone-friendly 
^ajor  Descriptor:  ♦emission  ozone  depleting  research  cantaloupe  compoun 
replacement 


5/6/39  (Item  10  from  file:  19) 
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DIALOG (R) File  19:  (c)  1994  Amer .Chem.Soc.  All  rts.  reserv. 

945406 

Oxychem's  alternative  solvents 
Major  Descriptor:  *solverit  alternative  blend  development 

5/6/40  (Item  11  from  file:  19) 

DIALOG (R) File  19: (c)  1994  Amer .Chem.Soc.  All  rts.  reserv. 

944223 

New  cleaning  agents  replace  ozone-depleting  solvents 
Major  Descriptor:  *cleaning  product  general  use  Primaclean 

5/6/41  (Item  12  from  file:  19) 

DIALOG (R) File  19: (c)  1994  Amer .Chem.Soc.  All  rts.  reserv. 

909778 

Major  Descriptor:  ■‘’cleaning  agent  trichloroethane  substitute  developmen 

5/6/42  (Item  13  from  file:  19) 

DIALOG (R) File  19: (c)  1994  Amer .Chem. Soc.  All  rts.  reserv. 

842568 

Major  Descriptor:  *cleaning  agent  metal  use  Axarel 

5/6/43  (Item  14  from  file:  19) 

DIALOG(R)File  19: (c)  1994  Amer. Chem. Soc.  All  rts.  reserv. 

745860 

Major  Descriptor:  *  trichloroethane  marlcet  US 

5/6/44  (Item  15  from  file:  19) 

DIALOG (R) File  19: (c)  1994  Amer .Chem. Soc.  All  rts.  reserv. 

581398 

Major  Descriptor:  *solvent  metal  degreasing  use  Inhibisolve 

5/6/45  (Item  1  from  file:  111) 

DIALOG(R) File  lll:(c)  1994  Information  Access  Co.  All  rts.  reserv. 

12933348 

Researchers  say  melons  may  be  ozone-friendly.  (American  Telephone 
ce  researchers  find  compound  from  fruit  can  repla 

ozone-depleting  trichloroethane  used  in  manufacturing  integrate 
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d 

circuits) 


5/6/46  (Item  1  from  file:  148) 

DIALOG(R)File  148: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

14632212 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  Planning  for  1,1, I's  demise,  (emissive  use  of  1,1,1-  trichloroeth 

/  or  methyl  chloroform,  to  end  by  December  31,  1993)  (Aliphat 
Organics ) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00093  WORD  COUNT:  1,186 

5/6/47  (Item  2  from  file:  148) 

DIALOG (R) File  148: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

14532232 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  The  demise  of  1,  l,  i.  (  Trichloroe thane)  (Thoughts  from  Our  Sho 
(Editorial) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00064  WORD  COUNT:  716 


5/6/48  (Item  3  from  file:  148) 

DIALOG(R)File  148: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

14529567 

*Use  Format  9  for  FULL  TEXT* 

title:  Time's  running  out  on  CFCs.  (chlorofluorocarbons)  (Focal  Pol 
(Coliomn) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00041  WORD  COUNT:  397 


5/6/49  (Item  1  from  file:  257) 

DIALOG (R)  File  257:  (c)  1994  Amer.  Petroleiim  Inst.  All  rts.  reserv. 

0616056 

Article  Number:  BS00557 

^Metalworking  Fluids  Demand  To  Grow  In  '  93. .  .Enviro-Friendly  Products  Wi 
Be  Bright  Spot  (Photo)  (L) 


5/6/50  (Item  2  from  file:  257) 

DIALOG (R) File  257: (c)  1994  Amer.  Petroleum  Inst.  All  rts 

0605318 


reserv. 
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Article  Number:  BR25778 

Ashland  Oil  Inc  Has  Notified  EPA  It  Has  More  Than  Met  Its  First  G 
To 

Voluntarily  Reduce  Chemical  Emissions  One  Year  Before  Company's  Targ 

ate 

(M) 


5/6/51  (Item  3  from  file:  257) 

DIALOG (R) File  257: (c)  1994  Amer.  Petroleum  Inst.  All  rts.  reserv. 

0554406 

Article  Number:  BQ13151 

Ashland  Oil  Plans  To  Participate  In  New  EPA  Industrial  Toxics  P 
ct 

Designed  To  Stem  Flow  Of  Chemical  Pollution  From  Nearly  11,000  Ind 
ial 

Facilities  In  US  (M) 


5/6/52  (Item  1  from  file:  648) 

DIALOG(R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

15139004 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  CFC  replacement  technologies:  help  is  on  the 

y- 

(chloro fluorocarbons) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00146  WORD  COUNT:  2,08 

5/6/53  (Item  2  from  file:  648) 

DIALOG (R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

14609560 

*Use  Format  9  for  FULL  TEXT* 

No  end  in  sight,  (sol  vent  “borne  adhesives  have  not  been  rep 

(Adhesives  '93)  (Industry  Overview) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00131  WORD  COUNT:  1,69 

5/6/54  (Item  3  from  file:  648) 

DIALOG (R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

14562626 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  Chemical  substitutes  for  1,1,1-  trichloroethane  in  ad 

ve 

formulations. 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00149  WORD  COUNT:  2,04 


A-20 


5/6/55  (Item  4  from  file:  648) 

DIALOG (R) File  648 : (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

13902606 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  Dangerous  fluid  alert,  (use  of  fluids  containing  methyl  chlorol 
rm) 

(The  Leading  Edge) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00071  WORD  COUNT:  751 


5/6/56  (Item  5  from  file:  648) 

DIALOG (R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

13884488 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  Vapor  degreasers  put  on  'death  row.'  (1,1,1-  trichloroethane  ti 
es 

regulatory  production  bans  and  labeling  requirements)  (inclx 
es 

related  articles) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00090  WORD  COUNT:  1,130 

5/6/57  (Item  6  from  file:  648) 

DIALOG (R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

13815887 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  1,1,1  demand  chips  into  rationed  supply.  (  trichloroethane  supp.' 

65 

decreasing,  driving  up  price)  (Aliphatic  Organics) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00084  WORD  COUNT:  1,026 

5/6/58  (Item  7  from  file:  648) 

DIALOG (R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

11829098 

*Use  Fomat  9  for  FULL  TEXT* 

TITLE:  1,1,1-  trichloroethane.  (producers,  demand,  uses,  etc.)  (Chem: 

oL-L 

Profile) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00034  WORD  COUNT:  418 


5/6/59  (Item  8  from  file:  648) 

DIALOG(R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv 

11289762 


*Use  Format  9  for  FULL  TEXT* 

TITLE:  Methyl  chloroform  still  cleans  best. 
AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT: 

A-21 


(includes  related  articles] 
00063  WORD  COUNT:  845 


5/6/60  (Item  9  from  file:  648) 

(R)  File  648:  (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

11199730 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  A  delicate  balance.  (weighing  the  merits  of  replacing  hi 
gh  ^ 

volatile  organic  compounds  with  environmentally  friendly  substitute 
s) 

(Cover  Story) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00262  WORD  COUNT:  3,920 


5/6/61  (Item  10  from  file:  648) 

DIALOG(R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

10381826 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  US  regs  catalyze  changes  in  solvents. 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00105  WORD  COUNT:  1,513 


5/6/62  (Item  11  from  file:  648) 

DIALOG (R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

09397747 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  Study  supports  industry  position  on  use  of  1,1,1-  trichloroethan 
(methyl  chloroform) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00126  WORD  COUNT:  1,803 


5/6/63  (Item  12  from  file:  648) 

DIALOG (R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv 


09368150 


♦Use  Format  9  for  FULL  TEXT* 

Future  of  1,1,1-  trichloroethane.  (Business  Review  and  Forecas 


TITLE: 
t: 

the  State  of  the  Industry  ...  and  What’s  Ahead) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00051  WORD  COUNT:  656 


5/6/64  (Item  13  from  file:  648) 

DIALOG(R)File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

09108052 

♦Use  Format  9  for  FULL  TEXT* 

TITLE:  Toxicity  characteristics  leaching  procedure  replaces  extract! 

A-22 


toxicity.  (Environmental  Protection  Agency  changes  method 
evaluating  industrial  wastes) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00152  WORD  COUNT:  2,113 


5/6/65  (Item  14  from  file:  648) 

DIALOG(R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

08983143 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  Still  working  on  the  ozone  hole:  beyond  the  Montreal  Protoc 

(includes  related  article  on  CFC  substitutes) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00303  WORD  COUNT:  4,483 


5/6/66  (Item  15  from  file:  648) 

DIALOG(R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

08523977 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  Methyl  chloroform  hit  in  new  charges. 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT.*  00084  WORD  COUNT:  1,191 


5/6/67  (Item  16  from  file:  648) 

DIALOG(R) File  648; (c)  1994  Inform.  Access  Co.  All  rts.  reserv 


08200585 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  Methyl  chloroform:  freeze  is  proposed. 
AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  0008- 


WORD  COUNT:  1,189 


5/6/68  (Item  17  from  file:  648) 

DIALOG (R) File  648; (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

08106930 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  Now  it's  time  to  fix  the  sky.  (finding  replacements  f 

chlorofluorocarbons  in  the  semiconductor  industry) (includes  relat 


5/6/69  (Item  18  from  file:  648) 

DIALOG(R)File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv 

08041333 

*Use  Format  9  for  FULL  TEXT* 

A-23 


TITLE;  Ultrasonic  cleaner  replaces  vapor  degreaser. 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00044  WORD  COUNT:  581 


5/6/70  (Item  19  from  file:  648) 

DIALOG (R) File  648: (c)  1994  Inform.  Access  Co.  All  rts.  reserv. 

07842509 

*Use  Format  9  for  FULL  TEXT* 

TITLE:  New  technology  reduces  VOC  emissions  by  30  to  70%.  (recycled  < 
bon 

dioxide  replacement  for  volatile  organic  compounds) 

AVAILABILITY:  FULL  TEXT  Online  LINE  COUNT:  00107  WORD  COUNT:  1,531 


5/6/71  (Item  1  from  file:  763) 

DIALOG(R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv 

00052334 

CHLORINATED  SOLVENTS:  1,1,1-  Trichloroethane  -  Solvent  Markets 
Main  Report  Title:  SOLVENTS 
Word  Count:  796  (2  pp.) 

*FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/72  (Item  2  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv 


00052332 

CHLORINATED  SOLVENTS:  1,1,1-  Trichloroethane  - 
Main  Report  Title:  SOLVENTS 
Word  Count:  384  (1  pp.) 

*FOR  FULL  TEXT,  USE  FORMAT  9* 


Supply  &  Demand 


5/6/73  (Item  3  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00052330 

CHLORINATED  SOLVENTS:  Chloroethane/Chloroethylene  Solvents  -  1 

r  1 

Trichloroethane 
Main  Report  Title:  SOLVENTS 
Word  Count:  678  (2  pp.) 

♦FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/74  (Item  4  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00027328 

C2  CHLOROHYDROCARBONS :  1,1,1-  Trichloroethane  -Adhesives,  Electroni 


A-24 


other  Uses 

Main  Report  Title;  CHLORINATED  HYDROCARBONS 
Word  Count:  508  (1  pp.) 

*FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/75  (Item  5  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00027327 

C2  CHLOROHYDROCARBONS :  1,1,1-  Trichloroe thane  -  Aerosol  Applications 
Main  Report  Title:  CHLORINATED  HYDROCARBONS 
Word  Count:  432  (2  pp.) 

♦FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/76  (Item  6  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00027325 

C2  CHLOROHYDROCARBONS:  1,1,1-  Trichloroe thane  -  General 
Main  Report  Title:  CHLORINATED  HYDROCARBONS 
Word  Count:  790  (2  pp.) 

♦FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/77  (Item  7  from  file:  763) 

DIALOG(R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00021201 

CHLORINATED  SOLVENTS:  1,1,1-  Trichloroethane  Used  in  Electronics  and  Otl 
er 

Markets 

Main  Report  Title:  SOLVENTS  AND  THE  ENVIRONMENT 
Word  Count:  148  (1  pp.) 

♦FOR  FULL  TEXT,  USE  FORMAT  9^ 


5/6/78  (Item  8  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00021200 

CHLORINATED  SOLVENTS:  1,1,1-  Trichloroethane  Used  in  Coatings 
Main  Report  Title:  SOLVENTS  AND  THE  ENVIRONMENT 
Word  Count:  107  (1  pp.) 

♦FOR  FULL  TEXT,  USE  FORMAT  9^ 


5/6/79  (Item  9  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00021199 

CHLORINATED  SOLVENTS:  1,1,1-  Trichloroethane  Used  in  Adhesives 


A-25 


nd 


Printing  Inks 

Main  Report  Title:  SOLVENTS  AND  THE  ENVIRONMENT 
Word  Count:  135  (1  pp.) 

*FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/80  (Item  10  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00021198 

CHLORINATED  SOLVENTS:  1,1,1-  Trichloroethane  Used  in  Aerosols 
Main  Report  Title:  SOLVENTS  AND  THE  ENVIRONMENT 
Word  Count:  169  (1  pp.) 

*FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/81  (Item  11  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00021197 

CHLORINATED  SOLVENTS:  1,1,1-  Trichloroethane  Used  in  Metal  Cleaning 
Main  Report  Title:  SOLVENTS  AND  THE  ENVIRONMENT 
Word  Count:  290  (1  pp.) 

*FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/82  (Item  12  from  file:  763) 

DIALOG (R) File  763: (c)  1994  Freedonia  Group  Inc.  All  rts.  reserv. 

00021193 

CHLORINATED  SOLVENTS:  1,1,1-  Trichloroethane 
Main  Report  Title:  SOLVENTS  AND  THE  ENVIRONMENT 
Word  Count:  659  (2  pp.) 

*FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/83  (Item  1  from  file:  764) 

DIALOG (R) File  764: (c)  1994  Business  Communication  Co.  All  rts.  reserv. 
00022577 

PRINTED  CIRCUIT  PROCESSING,  ASSEMBLY  AND  CLEANING:  SOLVENT  SUBSTITUTE. 
TO 

REPLACE  CFCs:  COMMENT  &  EVALUATION 

Main  Report  Title:  ENVIRONMENTALLY  ACCEPTABLE  MATERIALS  AND  SYSTEM 

IN 

ELECTRONICS 

Word  Count:  218  (1  pp.) 

*FOR  FULL  TEXT,  USE  FORMAT  9* 


5/6/84  (Item  1  from  file:  799) 

DIALOG (R) File  799: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 


A-26 


12599679 

JAPAN:  NEW  POWERFUL  WASHING  AGENT  TO  REPLACE  TRICHLOROETHANE 
Japan  Chemical  Week  (JCHWAC) 

Word  Count:  218 


5/6/85  (Item  2  from  file:  799) 

DIALOG{R) File  799: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

12345172 

JAPAN:  HCFC  14 IB  REPLACEMENT  DEVELOPED  -  TOPPAN  PRINTING,  COSMO  PETROTE 

Comline  News  Service, Nikkan  Kogyo  Shimbun  (COMLN/NKOGS) 

Word  Count:  108 


5/6/86  (Item  3  from  file:  799) 

DIALOG(R)File  799: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv 

12115916 

JAP^:  MID-SIZE  FIRMS  SLOW  TO  REPLACE  TRICHLOROETHANE 
Comline  News  Service, Asahi  Shimbun  (COMLN,ASHB) 

Word  Count:  102 


5/6/87  (Item  4  from  file:  799) 

DIALOG (R) File  799:  (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv 

11146465 

U.  JAPAN:  NIPPON  OIL  MARKETING  CFC  REPLACEMENTS 

Word^Count^^75^^^^^^"*^^^^^^  Kogyo  Shimbun  (COMLN,NKOGS) 


5/6/88  (Item  5  from  file:  799) 

DIALOG (R) File  799: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

10848023 

J^AN:  FUJITSU  GENERAL  TO  ELIMINATE  FREON,  TRICHLOROETHANE  FROM  CLEANI 

PROCESSES 

^mline  News  Service,  Japan  Industrial  Journal, Nikkan  Kogyo  Shimbun  {COM 

JAPIJ,NKOGS) 

Word  Count:  83 

5/6/89  (Item  6  from  file:  799) 

DIALOG(R)File  799: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

10713190 

UK:  ORANGE  OIL  SAID  MAY  REPLACE  OZONE-HARMING  CHEMICAL 


A-27 


Reuter, Reuter  Newswire  -  United  Kingdom, Reuter  Economic  News  (REUTR,REU" 
UK, 

LBA) 

Word  Count:  197 


5/6/90  {Item  7  from  file:  799) 

DIALOG (R) File  799: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

10713189 

UK:  ORANGE  PEEL  COULD  REPLACE  OZONE-HARMING  CHEMICAL 

Reuter,  Reuter  Newswire  -  United  Kingdom,  Reuter  General  News  (REUTR,REU'] 
UK, 

LBY) 

Word  Count:  214 


5/6/91  (Item  8  from  file:  799) 

DIALOG (R) File  799; (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

10295471 

JAPAN:  RECYCLABLE  METAL  CLEANER  TO  REPLACE  OZONE  DEPLETER 
Chemical  Business  Newsbase,  Japan  Chemical  Week  (CBNB, JCHWAC) 
Word  Count:  72 


5/6/92  (Item  9  from  file:  799) 

DIALOG(R) File  799: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

10151040 

USA:  DELCO  ELECTRONICS  AND  KYZEN  GRANTED  PATENT  ON  OZONE-SAFE 

CFC 

REPLACEMENT 
Businesswire  (BUSW) 

Word  Count:  408 


5/6/93  (Item  1  from  file:  772) 

DIALOG(R) File  772: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv 

09817646 

JAPAN;  RACE  TO  REPLACE  CFCS  LEADS  TO  OVERCAPACITY  FEARS 
Japan  Economic  Jrnl./nikkei  Weekly  (JEJ) 

Word  Count:  536 


5/6/94  (Item  2  from  file:  772) 

DIALOG (R) File  772: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

09718440 

USA:  NEW  CLEANING  AGENTS  REPLACE  OZONE -DEPLETING  SOLVENTS 
Chemical  Business  Newsbase, Chemical  Marketing  Reporter  (CBNB,CMKRA) 
Word  Count:  125 


A-28 


5/6/95  (Item  3  from  file:  77-2) 

DIALOG (R) File  712: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

08610793 

JAPAN:  HONDA  TO  DISCONTINUE  USE  OF  TRICHLOROETHANE  AND  CFCS 

Comline  News  Service, Nihon  Keizai  Shimbun, Japan  Industrial  Journal  (COM 

LN, 

NKSN,  JAPIJ) 

Word  Count:  135 


5/6/96  (Item  4  from  file:  772) 

DIALOG (R) File  772: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

08608980 

JAPAN:  ZEXEL  TO  PHASE  OUT  USE  OF  CFCS  AND  TRICHLOROETHANE 
Comline  News  Service, Japan  Industrial  Journal  (COMLN, JAPIJ) 
Word  Count;  147 


5/6/97  (Item  5  from  file:  772) 

DIALOG (R) File  772: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

08608709 

JAPAN:  NISSAN  TO  PHASE  OUT  USE  OF  TRICHLOROETHANE 
Comline  News  Service, Nikkan  Kogyo  Shimbun  (COMLN, NKOGS) 

Word  Count:  121 


5/6/98  (Item  6  from  file:  772) 

DIALOG(R) File  772: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

08103488 

JAPAN:  ASAHI  CHEMICAL  IMPROVES  AQUEOUS  CLEANING  AGENT,  REDUCING  1,1 
/  1“ 

TRICHLOROETHANE  SHIPMENTS 

Comline  News  Service, Nikkan  Kogyo  Shimbun  (COMLN, NKOGS) 

Word  Count:  116 


5/6/99  (Item  1  from  file;  771) 

DIALOG (R) File  771: (c)  1994  Reuters  Info.Svcs.  All  rts.  reserv. 

05069752 

USA:  CHEMICAL  PROFILE;  1,1,1-  TRICHLOROETHANE 

Chemical  Business  Newsbase, Chemical  Marketing  Reporter  (CBNB,CMKRA) 
Word  Count:  105 


5/6/100  (Item  1  from  file:  2) 

DIALOG (R) File  2:(c)  1994  Institution  of  Electrical  Engineers.  All  rts 


A-29 


reserv. 


4705880  INSPEC  Abstract  Number:  B9408-2330-001 
Title:  Aqueous  cleaning  of  vacuum  tube  components,  replacing  1,1, i 

trichloroe thane 


5/6/101  (Item  2  from  file:  2) 

DIALOG (R) File  2:(c)  1994  Institution  of  Electrical  Engineers.  All  rts. 
reserv. 

03833234  INSPEC  Abstract  Number:  B91016735 

^Title;  Influence  on  semiconductor  devices  by  the  flux  cleaning  solve 
replacing  CFC 


5/6/102  (Item  3  from  file:  2) 

DIALOG (R) File  2:(c)  1994  Institution  of  Electrical  Engineers.  All  rts 
reserv. 

03479948  INSPEC  Abstract  Number:  B89068868 

^ Title:  Dependence  of  breakdown  voltage  on  molar  concentration  of  1,1, 
trichloroethane  (TCA)  in  thermal  SiO/sub  2/ 


5/6/103  (Item  1  from  file:  8) 

DIALOG (R) File  8:(c)  1994  Engineering  Info.  Inc.  All  rts.  reserv. 
03887485 

^  Title:  Cleaning  aluminum  heat  pipe  casings  with  replacements  fo 
ozone-depleting  chemicals 

^Conference  Title.  Proceedings  of  the  Symposium  on  the  Replacement 
Chlorofluorocarbon  ,CFC)  Fluids  in  the  Cleaning  of  Oxygen  and  Aerosp 
Systems  and  Components 


5/6/104  (Item  2  from  file:  8) 

DIALOG (R) File  8:(c)  1994  Engineering  Info.  Inc. 

03821533 

^Title:  Semi-aqueous  solvent  cleaners  to  replace 
1,1,-  trichloroethane  for  metal  cleaning 


All  rts.  reserv. 

fluorochlorocarbons 


an 


A-30 


5/6/105  (Item  3  from  file:  8) 

DIALOG (R) File  8:(c)  1994  Engineering  Info.  Inc.  All  rts.  reserv. 
03794394 

Title:  Solvent  recovery  technique  and  purification  of  environment 

in 

adjustment  to  replacing  CFCs  and  trichloroethane 


5/6/106  (Item  4  from  file:  8) 

DIALOG(R) File  8: (c)  1994  Engineering  Info.  Inc.  All  rts.  reserv. 
03786874 

Title:  Replacement  of  1,1,1-  trichloroethane  for  cleaning  turbine 

generator  components  and  nondestructive  examination  applications 

Conference  Title:  Proceedings  of  the  1993  International  Joint  Pc 
wer 

Generation  Conference 


5/6/107  (Item  5  from  file:  8) 

DI7U^OG(R) File  8: (c)  1994  Engineering  Info.  Inc.  All  rts.  reserv. 
03662310 

^  Title:  Recycling  paint  and  solvents  and  reducing  use  of  1,1, 
trichloroethane 


5/6/108  (Item  6  from  file:  8) 

DIALOG (R) File  8:(c)  1994  Engineering  Info.  Inc.  All  rts.  reserv. 
03439106 

Title;  Chemical  substitution  for  1,1,1-  trichloroethane  and  methanol  i 
n 

an  industrial  cleaning  operation. 


5/6/109  (Item  7  from  file:  8) 

DIALOG (R) File  8:(c)  1994  Engineering  Info.  Inc.  All  rts.  reserv. 
03326453 

Title.  Replacements  for  methyl  chloroform  in  carpet  applications. 


5/6/110  (Item  8  from  file:  8) 

DIALOG(R) File  8:(c)  1994  Engineering  Info.  Inc.  All  rts.  reserv. 
03206402 

Title:  New  technology  alkaline  cleaners  replace  chlorinated  solven 


A-31 


degreasers . 


5/6/111  (Item  9  from  file:  8) 

DIALOG (R) File  8:(c)  1994  Engineering  Info.  Inc.  All  rts.  reserv. 
02757901 

Title;  1,1,1-  trichloroethane  solvent  for  lower  VOC,  high  performanc 
e 

maintenance  coatings. 

5/6/112  (Item  1  from  file;  32) 

DIALOG(R)File  32:  (c)  1994  ASM/Inst.  of  Materials.  All  rts.  reserv. 

1777580 

New  Technology  Alkaline  Cleaners  Replace  Chlorinated  Solvent  Degrease 
xr3 

in  the  Metalworking  Industry. 

5/6/113  (Item  2  from  file:  32) 

DIALOG{R) File  32: (c)  1994  ASM/Inst.  of  Materials.  All  rts.  reserv. 

1777282 

^plication  of  the  Taguchi  Design  of  Experiments  Method  in  a  Rule  11 
68 

Solvent  Replacement  Study. 

5/6/114  (Item  3  from  file:  32) 

DIALOG{R)File  32; (c)  1994  ASM/Inst.  of  Materials.  All  rts.  reserv. 

1764524 

^Here  Today,  Gone  Tomorrow:  Replacing  Methyl  Chloroform  in  the  Penetra 
Process . 


5/6/115  (Item  1  from  file:  144) 

DIALOG(R) File  144: (c)  1994  INIST/CNRS.  All  rts.  reserv. 

10491369  PASCAL  No.:  93-0000620 

Replacing  1,1,1-  trichloroethane  :  consider  other  chlorinated  solvent 


5/6/116  (Item  1  from  file:  317) 

DIALOG (R) File  317: (c)  1994  Royal  Soc  Chemistry.  All  rts.  reserv 

029088 

Phasing  out  1,1,1-  trichloroethane 


A-32 


5/6/117  (Item  1  from  file:  323) 

DIALOG (R, File  323:  (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

505862 

TITLE:  THE  5  TRILLION  US  DOLLAR  MISTAKE 


5/6/118  (Item  2  from  file:  323) 

DIALOG(R)File  323:  (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

505656 

TITLE.  1990  CLEAN  AIR  ACT  AMENDMENTS:  CHARTING  A  COURSE  TO  COMPLIANCE 
5/6/119  (Item  3  from  file:  323) 

ALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 
504069 

TITLE:  CHLORINE  COMPANIES  ADOPT  DEFIANT  STAND 

5/6/120  (Item  4  from  file:  323) 

DIALOG(R)File  323:  (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

503485 

TITLE:  TRENDS  POSE  CHALLENGES  FOR  ADHESIVES  MAKERS 
5/6/121  (Item  5  from  file:  323) 

IM.OG(R)File  323:  (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 
501806 

title:  UPDATE:  SOLVENT  SELECTION  FOR  PROCESSING  SILICONE  ELASTOMERS 


5/6/122  (Item  6  from  file:  323) 

DIALOG (R) File  323: (c)  1994  RAPRA  Technology  Ltd. 

497955 

TITLE:  LOOMING  BAN  ON  PRODUCTION  OF  rFPc;  traT/-.ATc.  rv 

SUBSTITUTES  CFCS,  HALONS  SPURS  SWITCH  TO 


All  rts.  reserv. 


5/6/123  (Item  7  from  file*  323) 

DIALOG(R)File  323: (c)  1994  RAP^  Technology  Ltd.  All  rts.  reserv. 
494203 

TITLE:  CLEANING  AGENT  DEVELOPED  TO  REPLACE  TRICHLOROETHANE 

5/6/124  (Item  8  from  file:  323) 

DIALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 


A-33 


492585 

TITLE:  REPLACEMENT  OF  HALOGENATED  HYDROCARBONS  IN  CLEANING  PROCESSES 


5/6/125  (Item  9  from  file:  323) 

DIALOG (R) File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

479910 

TITLE:  PROPOSAL  FOR  A  COUNCIL  DECISION  CONCERNING  THE  CONCLUSIONS  OF  THE 

AMENDMENT  TO  THE  MONTREAL  PROTOCOL  ON  SUBSTANCES  THAT  DEPLETE  THE  OZO 
NE 

LAYER  AS  ADOPTED  IN  NOVEMBER  1992  IN  COPENHAGEN  BY  THE  PARTIES  TO  THE 
PROTOCOL  (93/C  103/08)  COM(93)  102  FINAL 


5/6/126  (Item  10  from  file:  323) 

DIALOG (R) File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

479904 

TITLE:  DOE  CONSULTS  ON  ’’ESSENTIAL"  USES  OF  OZONE  DEPLETERS 

5/6/127  (Item  11  from  file:  323) 

DIALOG(R)File  323:  (c)  1994  RAPRA  Technology  Ltd.  TVll  rts.  reserv. 

474567 

TITLE:  GOVERNMENT  HIGHLIGHTS  BAN  ON  OZONE  DEPLETERS 

5/6/128  (Item  12  from  file:  323) 

DIALOG (R) File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

473562 

TITLE:  EC  BRINGS  FORWARD  CONTROLS  ON  CFCs 

5/6/129  (Item  13  from  file:  323) 

DIALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

470016 

TITLE:  OZONE  DEPLETER  BAN:  RETHINKING  NEEDED  FOR  REFRIGERATION  AND  FIRE 
FIGHTING 


5/6/130  (Item  14  from  file:  323) 

DIALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv 

469545 

TITLE:  IMPERIAL  ADHESIVES  INC. 


A-34 


5/6/131  (Item  15  from  file:  323) 

DIALOG (R) File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv 

469161 

TITLE:  EARLIER  EXIT  FOR  OZONE  DEPLETERS? 

5/6/132  (Item  16  from  file:  323) 

DIALOG (R) File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

468638 

TITLE:  COUNTDOWN  TO  COPENHAGEN 

5/6/133  (Item  17  from  file:  323) 

DIALOG (R) File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

467960 

TITLE:  SAFER  AEROSOL  ADHESIVE  FOR  NEW  REGS. 

5/6/134  (Item  18  from  file:  323) 

DIALOG(R)File  323:  (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

466541 

TITLE:  NEW  AGENDA  FOR  CHLORINATED  SOLVENTS 

5/6/135  (Item  19  from  file:  323) 

DIALOG (R) File  323:  (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

466117 

TITLE:  HCFCs  TO  GO  BY  2030 


5/6/136  (Item  20  from  file:  323) 

DIALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts 


465567 

TITLE:  MOULD  RELEASE  AGENTS:  A  DIFFERENT  VIEW 


reserv. 


5/6/137  (Item  21  from  file:  323) 

DIALOG(R)Flle  323:  (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv 

463532 

TITLE:  LARGE  HOLE  IN  THE  OZONE  AGREEMENT 


5/6/138  (Item  22  from  file:  323) 

DlALOG(R)File  323:  (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv 


A-35 


456506 

TITLE:  RIPPLE  EFFECT 


5/6/139  (Item  23  from  file:  323) 

DIALOG(R) File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

455979 

TITLE;  CONSENSUS  ON  CFC  PHASEOUT  FOR  END-1995 

5/6/140  (Item  24  from  file:  323) 

DIALOG(R)File  323; (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

451830 

TITLE:  INDUSTRY,  CONSUMERS  PREPARE  FOR  COMPLIANCE  WITH  PENDING  CFC  BAN 

5/6/141  (Item  25  from  file;  323) 

DIALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

451438 

TITLE:  SAFETY  SOLVENT 


5/6/142  (Item  26  from  file:  323) 

DI7U40G(R) File  323; (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv 

450365 

TITLE:  FORMULATORS  FACE  ENVIRONMENTAL  LAWS 

5/6/143  (Item  27  from  file:  323) 

DIALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv, 

447858 

TITLE:  SOLVENTS:  NEW  ALTERNATIVES-  I. 

5/6/144  (Item  28  from  file:  323) 

DIALOG(R) File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

439742 

TITLE:  EUROPE  BANS  CFCs 


5/6/145  (Item  29  from  file:  323) 

DIALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv 

416762 

TITLE:  DOW  SEMINAR  FORECASTS  MCF  USE  IN  CHEMICALS 


A-36 


5/6/146  (Item  30  from  file;  323) 

DIALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

416710 

TITLE:  CFG  REDUCTION  AND  ELIMINATION 

5/6/147  (Item  31  from  file:  323) 

DIALOG(R)File  323: (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

400213 

TITLE;  WATER-BASED  AGENTS  OFFER  ALTERNATIVE 

5/6/148  (Item  32  from  file:  323) 

DIALOG(R)File  323:  (c)  1994  RAPRA  Technology  Ltd.  All  rts.  reserv. 

378898 

TITLE:  CHLORINATED  SOLVENTS  OFFER  PERFORMANCE  AND  LOW  VOC 

5/6/149  (Item  1  from  file:  340) 

DIALOG(R)File  340: (c)  1994  IFI/Plenum  Data  Corp.  All  rts.  reserv. 

2117647  9103454 

C/HALOGEN  EXCHANGE  FLUORINATION;  REACTING  HALOCARBONS  HAVING  A  REPLACAB 
HALOGEN  OTHER  THAN  FLUORINE  WITH  CESIUM  OR  RUBIDIUM  FLUORO  COMPOUNDS 


5/6/150  (Item  2  from  file:  340) 

DIALOG (R) File  340: (c)  1994  IFI/Plenum  Data  Corp. 


All  rts.  reserv. 


1913540  8902066  2906423 

METHOD  USING  AT  .  LEAST  TWO  KINDS  OF  SOLVENTS  1  ,  i 

'’'^RCHLOROETHYLENE,  TURPENTINE;  REDUCES 'wRiNiilNG, 


5/6/151  (Item  1  from  file:  351) 

DIALOG (R) File  351: (c)  1994  Derwent  Info  Ltd.  All  rts.  reserv 


009353377  WPI  Acc  No:  93-046856/06 
Related  WPI  Accession (s) :  89-371928 
XRAM  Acc  No:  C93-021096 

Ifl, 1-Trif luoro-2 , 2-dichloroethane  prodn . 


in  high  yield  -  by  reacting 


trif luoro-2 
useful  as 


-chloroethane  with  chlorine@  at  controlled  mol  ratio 
replacement  for  trichlorofluoromethane;  CHLOROMETH^^e' 


5/6/152  (Item  2  from  file:  351) 


A-37 


DIALOG(R) File  351: (c)  1994  Derwent  Info  Ltd.  All  rts.  reserv. 

009107115  WPI  Acc  No:  92-234546/28 
XRAM  Acc  No:  C92-105787 

Dichlorofluoroethane  purificn.  by  vapour  phase  photochlorination  - 
removes  vinylidene  chloride  and  other  unsatd.  cpds.  to  leave  a 
potential  replacement  refrigerant  for  CFC;  CHLORO  FLUOROCARBON 


5/6/153  {Item  3  from  file:  351) 

DIALOG (R) File  351: (c)  1994  Derwent  Info  Ltd.  All  rts.  reserv. 

008582859  WPI  Acc  No:  91-086891/12 
XRAM  Acc  No:  C91-036940 

Prodn.  of  ioversol.  X-ray  contrast  agent  -  from  corresp.  hexaacetate 
by 

removal  of  solvent  using  1,1,2-  trichloroethane  and  hydrolysis 


5/6/154  (Item  4  from  file:  351) 

DIALOG (R) File  351: (c)  1994  Derwent  Info  Ltd.  All  rts.  reserv. 

008419590  WPI  Acc  No:  90-306591/41 
XRAM  Acc  No:  C90-132360 

1/^  l“Dichloro-l-fluoroethane  and  1-chloro-l,  1-difluoroethane  prepn.  - 
by 

reacting  1,1,1-  trichloroethane  with  hydrogen  fluoride  in  presence  of 
Lewis  acid  catalysts 


5/6/155  (Item  5  from  file:  351) 

DIALOG{R)File  351: (c)  1994  Derwent  Info  Ltd.  All  rts.  reserv. 

007788965  WPI  Acc  No:  89-054077/07 
XRAM  Acc  No:  C89-023962 

Alternative  blowing  agent  to  r-11  for  plastic,  esp.  urethane!  foam  - 
comprises  mixt.  of  r-22  and  trichloroethane  in  wt.  ratio  of  1  to  3  o 
r 

less,  opt.  contg.  small  amt.  of  propane,  butane  or  pentane 


5/6/156  (Item  1  from  file:  353) 

DIALOG(R) File  353: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0233311 

Catalytic  hydrodehalogenation  of  halogenated  hydrocarbon (s)  -  in  presenc 
e 

of  nickel-contg .  zeolite  catalyst  and  hydrogen  donor 


5/6/157  (Item  2  from  file:  353) 


A-38 


OG(R)File  353. (C)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0219624 

New  substitute  for  freon  -  contains 

5/6/158  {Item  3  from  file*  3531 
DIALOG (R) File  353-  1  QQ4  a  • 

353. (c)  1994  Itaeracan  Petroleum  Institute.  All  rts.  reserv 

0216327 

'“;^«lrS!tsK®no;5o1rLr1ac?a?M;^^^^^  I  oil 

amphoteric  surfactants,  to  improve  aurfaS  giosfinesr"^ 

DIMOGm)  File  '3“r,c,  *^994*^""=  • 

353. (C)  1994  American  Petroleum  Institute.  All  rts.  reserv 

0216164 

Detergent  compsn.  effective  for  CFG  113  anrf  i  i  i 

contains  middle  petroleum  nil  r^r^^  and  1,1,1,-  trichloroethane  - 
nonlonlc  surfactLt  an^l“  ?o^i  tvpe 

DMOG(R)rile  ‘3ll",c)  'f|94*i^^=  ■ 

'  Petroleum  Institute.  All  rts.  reserv 

0211042 

trichlorodi£?uoroeth^e?'’uSefuff^aIterna?fLTviS 

D^^WFile'lslMc,  "“94"ii"= 

353. ,c,  1994  American  Petroleum  Institute.  All  rts.  reserv 

0210632 

phenolate-chloro'’clmpiex''as’’caSlyst°"  '  «ith  a 

tfichloroferrate,  pr^f.  in^di^^^L^^oIrhi;! 

DIALM(R)  File  *353”(c)  *1994 

353. ,c,  1994  American  Petroleum  Institute.  All  rts.  reserv 

0205620 


A-39 


Compsn.  contg.  polybutylene,  and  polyethylene  terephthalate (s)  -  and  hig 
level  of  zinc  oxide,  prepd.  by  melt  blending,  provides  moulded  articl 

03 

with  ceramic~like  feel  and  density 
5/6/163  (Item  8  from  file:  353) 

DIALOG (R) File  353; (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0204229 

Pseudo) azeotropic  fluorohydrocarbon  mixt.  -  comprises 

i' and  1,1,1  trichloroethane,  useful  as 


5/6/164  (Item  9  from  file:  353) 

DIALOG (R) File  353: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0204228 

Pseudo) azeotropic  fluorohydrocarbon  mixt.  -  comprises 

1,1,2  trichloro-2,2-difluoroe thane  and  1,1,1-  trichloroethane,  useful 

as  freon  substitute 


5/6/165  (Item  10  from  file:  353) 

DIALOG (R) File  353: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 


0204227 

Pseudo) azeotropic  fluorohydrocarbon  compsn. 
1,2-difluorotetrachloroethane  and  1  1,1- 
freon  substitute 


-  comprises 
trichloroethane. 


useful  as 


5/6/166  (Item  11  from  file:  353) 

DIALOG (R) File  353: (c)  1994  American  Petroleum  Institute.  All  rts 


reserv 


0200864 

Degradation  of  halogenated  aliphatic  hydrocarbon (s) 
c 

bacteria  in  presence  of  oxygen  and  lower  alJcanol 


with  methanotrophi 
as  carbon  source 


5/6/167  (Item  12  from  file:  353) 

DIALOG(R)File  3S3:(c)  1994  American  Petroleum  Institute.  All  rts 


reserv 


0196375 


A-40 


High  levels  of  fluorine  substitution  in  tantalum  pentafluoride  -  catalys 
derivs°”^  between  hydrogen  fluoride  and  halogenated  alkene  or  alkane 

5/6/168  (Item  13  from  file:  353) 

DIALOG(R)File  353: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0158195 

liquid  cleaning  and  protecting  COMPSN.  -  CONTG.  POLY(METHYLHYDROSILOXANE 
ZINC  OCTOATE  AND  TIN  OCTOATE  IN  SELECTED  SOLVENT 

5/6/169  (Item  1  from  file:  354) 

DIALOG(R)File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0524188 

and  equipment 


.  Intern  2  from  file:  354) 

DIALOG (R) File  354: (c)  1994  American  Petroleum  Institute. 


All  rts .  reserv 


0520832 


Toward  catalysis  in  the  21st  century  chemical  industry 


5/6/171  (Item  3  from  file:  354) 

DlALOG(R,File  354:, c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0520577 

High  technology  aids  plant  maintenance  (A  survov  r, 

materials  for  CPI  plant  maintenance)  ^  of  new  equipment  and 


5/6/172  (Item  4  from  file:  354) 

DIALOG(R,File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0514999 

hydrogen  carrier  aas  in  i 

ion  ''“latiles  analysis  for  maximum  resolut 

in  the  shortest  analysis  time 


A-41 


5/6/173  (Item  5  from  file:  354) 

DIALOG (R) File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0514943 

Here  today,  gone  tomorrow. . .Halogenated  solvents  in  analytical  chemistry 
5/6/174  (Item  6  from  file:  354) 

DIALOG (R) File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0513435 

New  life  for  old  solvents 


5/6/175  (Item  7  from  file:  354) 

DIALOG (R) File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0512296 

Canada  pushes  innovative  remediation  technology 
5/6/176  (Item  8  from  file:  354) 

DIALOG(R)File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0511872 

Herrs  to  the  throne:  Alternative  cleaners  vie  with  methyl  chloroform  and 
CFC-113  for  reign  over  the  parts-cleaning  empire 

5/6/177  (Item  9  from  file:  354) 

DIALOG (R) File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0511027 

Chemical  detoxification  of  trichloroethylene  and  1,1,1-  trichloroethane 
a  microwave  discharge  plasma  reactor  at  atmospheric  pressure 

5/6/178  (Item  10  from  file:  354) 

DIALOG (R) File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0509638 

Kinetics  of  purging  for  the  priority  volatile  organic  compounds  in  water 


A-42 


5/6/179  (Item  11  from  file:  354) 

DIALOG (R) File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0509006 

Environmental  News/Amoco  (Corp)  cuts  annual  emissions  (and)  Exxon  Chemic 
(Co)  offers  alternatives  to  ozone  depleting  cleaners 


5/6/180  (Item  12  from  file:  354) 

DlALOG(R)File  354:  (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 


0506717 

Duriron  (Company  Inc)  taking  leadership  role  in  waste  minimization 


5/6/181  (Item  13 

DIALOG (R) File  354: (c) 


from  file:  354) 

1994  American  Petroleum  Institute 


AJ.1  rts.  reserv 


0506514 

Department  of  Energy  solvent  substitution 


5/6/182  (Item  14  from  file:  35 

DIALOG (R) File  354: (c)  1994  American 


) 

Petroleum  Institute.  All  rts. 


reserv 


0494784 

A  high  pressure  method  of  bitumen  extraction  from  asphalt  pavement 


5/6/183 
DIALOG  (R)  File 


(Item  15  from  file':  354) 

354: (c)  1994  American  Petroleum  Institute.  All  rts 


reserv 


0488628 

Clean  Air  Act  compliance  through  process  change 


(Item  16  from  file:  354) 
DIALOG(R)File  354: (c)  1994  American  Petroleum 


Institute.  All  rts. 


reserv 


0488477 

Aqueous  cleaners  challenge  chlorinated  solvents 


5/6/185  (Item  17  from  file:  354) 


A-43 


DIALOG(R) File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 
0483093 

Environmental  rules  move  chlorine's  goalposts 


5/6/186  (Item  18  from  file:  354) 

DIALOG(R)File  354: (c)  1994  American  Petroleum  Institute.  All  rts.  reserv 


0481298 

CFC  phaseout/processing  costs  spur  PU  ( (polyurethane) )  catalysts 
5/6/187  (Item  19  from  file;  354) 
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^Ojk  Designation:  F  483  -  90  (Reapproved  1991)*^ 


An  AnwrtoM  NaliorvI  8lMdv<tf 


Standard  Test  Method  for 

Total  Immersion  Corrosion  Test  for  Aircraft  Maintenance 
Chemicals'* 
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oeigiaa]  adoptioe  or,  hi  the  case  of  itvUon.  the  of  kft  revidoiL  A  BunAer  in  ptfCMheiei  iodkaies  the  yev  of  last  fctpprovsL  A 

wpeiscript  cpdion  (c)  indkates  ao  editorial  chaote  sieoe  the  last  fcvisiOB  or  mpproesL 

Note-^  editorial  chanse  ems  made  io  Section  12  in  December  1991. 


1.  Scope 

1.1  This  test  method  covers  the  determination  of  the 
oonosiveDess  of  aircraft  maintenance  chemicals  on  aircraft 
metals  aith  time  under  conditions  of  total  immersion  by  a 
comtanation  of  weight  change  measurements  and  vi»ial 
qualitative  determination  of  change. 

1.2  This  standard  does  not  purport  to  address  ail  of  the 
sqfety  problems,  tf  any,  associated  with  its  use.  It  is  the 
responsibility  of  the  user  of  this  standard  to  estabUsh  appro- 
prime  safety  and  health  practices  and  determine  the  appUca- 
bility  of  regulatory  limitations  prior  to  use. 

1.3  The  values  stated  in  SI  units  are  to  be  regarded  as 
standard.  The  values  in  parentheses  are  for  informatioD  only. 

2.  Referenced  Doenraents 

2.1  ASTM  Standards: 

D 1 193  SpedfiGation  for  Reagent  Water^ 

E  1  Spedfication  of  ASTM  Thermometers’ 

3.  SIgnifiranry 

3.1  Many  aircraft  maintenance  chemicals  are  used  on 
components  and  structures  which  would  be  adversely  af¬ 
fected  by  excessive  dimensional  change.  This  test  method 
screens  these  chemicals  to  ensure  compliance  with  specified 
weight  change  criteria. 

4.  Apparatus 

4. 1  Wide~mouth  Sealable  Glass  Jar  or  Stoppered  Flask  cf 
Suitable  The  ^ass  jar  or  flask  should  be  so  chosen  so 
that  the  specimens  will  remain  fiilly  immersed  in  a  vertical 
position  during  testing  and  the  ratio  of  area  of  immersed 
metal  to  volume  of  solution  will  be  in  aocoidanoe  with  7.1, 

4.1.1  Cautioii — Some  aircraft  maintenance  chemicals 
when  heated  have  high  vsqx)r  pressures  or  may  produce  ga<F< 
during  testing.  Smteble  precautions  should  be  taken  to 
prevent  the  containing  vessel  from  exfrfoding  or  the  vessel 
should  be  so  chosen  as  to  withstand  the  resulting  pressure. 

4,2  Specimen^Stg>Porting  Device^A  glass  of  fluorocarbon 
plastic  supporting  system  designed  to  keep  the  specimen  fully 

■Thu  lot  oaethod  ii  under  the  Juriidictioo  of  ASTM  CcMornktee  F-7  os 
Aerospace  and  Aircraft  and  is  the  direct  raponribility  of  Subcommktee  FD7j07  oo 
QuaBrication  Taring  oTAiitnA  Materials. 
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immersed  while  ensuring  free  contact  with  the  solution,  and 
designed  to  i^ysically  isolate  the  q)ecimens  fiom  each  other. 

4.3  For  materials  containing  low  boiling  point  solvents,  a 
means  of  preventing  evaporation  losses  shall  be  used. 

4.4  Constant-Temperature  Device^Any  suitable  regu¬ 
lated  heating  device  (mantle,  hot  plate,  or  bath)  may  be  used 
to  maintain  the  solution  at  ^e  requir^  temperature. 

4.4  Thermometer^  having  a  range  from  0  to  302T  and 
oonfonning  to  requirements  for  Thermometer  IF  in  accor¬ 
dance  with  Spedfication  E  1. 

4.5  Oven,  low  temperature  explosion-iM’oof,  capable  of 
maintaining  38  ±  3*C  (100  ±  3*F)  through  120  ±  5*C  (248  ± 
5-F). 

5.  Reagents  and  Materials 

5.1  Acetone. 

5.2  Methyl  Ethyl  Ketone. 

5.3  lAA^Trichloroethane. 

6.  Test  Specimens 

6.1  Take  test  spedmens  of  a  given  alloy  fiom  the 
sheet  stock  and  measure  50.8  by  25.4  by  1.6  mm  (2  by  1  by 
0.06  in.)  with  a  3J-imn  (0.12S-m.)  diameter  mounting  hole 
suitably  located  at  one  end  of  the  spedmen.  Test  three 
replicate  spedmens  in  each  concentration  of  maintenanoe 
chemical  solution  in  accordance  with  8.2.1.  Take  the  total 
area  of  the  specimen  as  282  cm^  (4.4  in.^). 

6.1.1  Identify  each  pand  with  numbers  1, 2, 3,  or  4. 

7.  Predeaning  Test  Spedmens 

7.1  Immerse  the  test  ^>cdmens  in  a  beaker  of  1,1,1- 
tridtioToethane  at  room  temperature  and  swab  the  sur&oe  of 
the  individual  spedmen  thoroughly  using  dean  forceps  to 
hold  the  test  spedmen  and  the  cotton  swab. 

72  Sl^e  ofif  excess  solvent  Transfer  and  immerse  the 
test  specimens  separately  several  times  in  a  beaker  of  methyl 
ethyl  ketone. 

7.3  Shake  off  excess  methyl  ethyl  ketone  and  dry  in  a 
vacuum  desiccator  or  in  a  low-temperature  oven  at  120  ± 
5*C  (248  ±  5*F)  for  15  min.  (If  oven  dried,  remove  to 
dessicator  and  cod  to  ambient.) 

8.  Conditiooing 

8.1  RoTjo  of  Area  of  Immersed  Metal  to  Volume  of 
Solution^Tht  ratio  of  area  of  immersed  metal  to  volume  of 
solution  shall  be  8  mL  per  cm^.  Use  fiesb  solution  for  each 
set  of  replicates. 
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8-2  Solution  ConcMration: 

specified,  test  the  specimens  in 
M^^the  i^tenance  chemkal  in  the  concectrat^ 
•Meoeived  condition  and  at  the  lecommendcd  use  dilution 
usiogwn^that  conforms  to  Specification  D 1193  TvncIV 

is?  »I»ble\o ’tSSt^i 

•  o ™  ^  contmue  with  the  lest 
iuJ.  u  wato  is  not  used  as  the  diluent  record  the  tw 
ai^  specification  cS  diluent  used  in  the  test 
8.3  Temperature— Unless  otherwise  specified,  the  te« 
temperature  shall  be  38  ±  3*C  (100  ±  5*F). 

Piroceditre 

nwest'ol^t?**  specimens  of  the  same  alloy  to  the 

weighed  specimens  of  each  alloy  in  the 
tm  Mlution  at  the  prescribed  temperature.  Place  only 
l^cMens  of  the  same  alloy  in  the  containing  vessel 
»^tam  at  fte  requutd  temperature  for  the  ^scribed 

conforming  to 

Specification  D 1 193.  Type  IV  at  room  temperature. 


P483 

9.3  J  Ri^  with  a  stream  of  acetone  firom  a  wadi  iwtwu 

“tiJ  eooWto 

ambient,  weigh  and  rccoid. 

exa^  to  and  record  on  a  form  as  fllus- 
^rf  m  Appendix  XI  m  the  24.h  column  the  following 

»i<b  u«  fbmi,  .P,c. 

9.3.3.1  Discoloration  and  dulling 
9.3.3^  EtAin£^ 

9.3.3.3  P^nce  of  accretions  and  relative  amounts 

y*p..5.4  Pituiig,  find 

9.3.3.5  Preset  of  selective  or  localized 

P“*  “  ‘be  same  test  solution  for  a 
filler  144  h,  then  repeat  9.3.1  through  9.3J.5. 

V.5  Reweigh  specimens  to  nearest  0.1  g,  e«iniia«>.  weight 
loss  or  gam,  and  record  in  168-h  column.*^ 


10.  Report 

11*  Pk^ecuion  and  Bias 

for  U.  ?^*be  procedure  in  Test  Method  F483 

foinmeasunng  total  immersion  corrosion  is  being  deter- 


Cmvight  by  the  mEttCW  SOCIEIY  nit  lESTlW  1  miDUILS 
W  Jan  07  00:50:52  1938 


ASTn  F4A3»C1  ^0  ■  075*1510  0515513  003 


F483 


XI.  RECOMMENDED  REPORT  FORM 


Xl.l  Report  test  results  on  a  form  as  illustrated  in  Fig.  Xl.L 


TEST  REPORT  ACCORDINQ  TO  APPCNOK  XI  FOR  Aim  F4aa 

TESTMQUBORATORY 


CStmiMint. 


NtfiMi  or  NitrinM  of  MiMminot 

ChomioolTottod _ 

Aloylypt - 

CondNion  ■  -  - - -  ■■■■ 


Conotntrotion 
Oluintuftod  . 
TofnpvotuPt  «. 


Noli  horn  any  oondMont  of  toot  virfotioni  r 


IbypiOularftyofR 


idwnicaiboingl 


UMghttou.mg 


UMghtlou.  mg  2 


UMOhtloM.mg  3 


Wilght  loM.  mg  CorM 


Avaragtwilghtbtsof  iMritlt  1.  2,3f«ftaroonsldtrationof 
ilacirofyUc  cteanlng  oonatantX  mg 


Abow  mmrogt  dMdad  by  282  ioqEirnsod  w  low  in  mKgrams  par 
tquva  conttmaiP*  par  24  h 


Aocprtono  Prunco  and  Rairtw  omounii 
(9.3.34) 


SMcttw  or  loeHind  Mtwk  (9444) 


NOTf--Oootro(  pontf  wtigfit  low  to  noted  only  10  eonirm  IIB  lolBvont  low  w  H  oHwti  t«  Toot  PanalK.  Boforo  wd  Alw  rafm  to  Hit  I 
otoctrolyito  clwning  and  tettf  otoctftsyw  cSwnlng.  Inwrt  NX  w  rail  opplictote  V  MO  otocsio^ 

FKL  XU  RtoportFonn 
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Designation:  F  945  -  85 


(Reapproved  1993) 


Standard  Test  Method  for 
Stress-Corrosion  of  Titanium 
Cleaning  Materials 


Alloys  by  Aircraft  Engine 


tte  de»igMlioo  i,dkM»  .he  ^  *f 


INTRODUCnON 


Chemical  solutions  and  compounds  used  for  oreinsnectinn  r 


method. 


reqmxements  of  this  test 


1*  Scope 

LI  Tbk  test  method  estoblishes  a  test  procedure  for 

P™**®”*^  of  aireraft  turbine  engine 
cleaning  and  mmntenance  materials  for  causing  stress  coiro- 
sion  cracking  of  titanium  alloy  parts. 

ainrn  IS  conducted  on  representative  tita- 

aUoys  by  detenmmng  the  effect  of  contact  with 
and  maintenance  materials  on  tendency  of  pre- 

imiim  are  based  upon  manufacturer’s  maa- 

imum  rewmmen^  opting  solution  concentration. 

M  "Of  purport  to  address  all  of  the 

safety  proMems,  tf  my.  associated  with  its  use  It  d  the 

determine  the  t^ca- 

^  tf  regulatory  Umitations  prior  to  use.  For 
precautionary  statements,  see  6.3  and  6.5. 

2*  Referenced  Docmnenfs 
2, 1  A^Thi  StonAcLfd' 

*0^^**°®“**°“  for  Reagent  Water* 

-d/fl/fiTio/  Specifications: 
an  i  Platc-6AL-4V  Annealed* 

Plate-8AL  IMO  IV,  Duplex 

3.  Sisnificance  and  Use 

nais‘  Piostoessed  titanium  alloy 

»f  .hMted  while  in  contact  with  certain 
reagents,  it  is  necessary  to  ensure  that  and 

i^ntenance  materials  will  not  initiate  stress  corro^if^ 
titanium  alloys  under  controlled  conditions. 

4.  Apparatus 

4.1  ^«w««^Z)evi»capable  of  linear  meas^ 


This  len  method  is  under  the  isrisdictioo  of  ASTM  p  v 

nitnm 


a  ±0.01-111.  (±0.25-mm)  tolerance. 

4.2  Forming  Apparatus*  with  0J6-ia.  (14-mm)  diam- 
°f  producing  ^roximately  65*  bends 
in  O.OS^m.  (1.25-mm)  titanium  alloy  sheet  qiecimens. 

f°'’  ooutuinment  of  cleaning, 
n^fe  and  test  solutions,  appropriately  lined  to  prevent 
conran^tion  of  the  solutions  by  container  matmak 

of  0  65^(lSSmf manipulation  at  jaw  opening 

900T/lJn??^f'"’  “P®®'®  °f  operating  at 

vOOT  (480  Q  with  cemtrot  to  ±20T  (10*C) 

4.6  Magnifier-’ capabie  of  20-diameters  magiiifi«.tinn 

4.7  Mu^scop^  capable  of  50(Wiaineteis  iBaen.firati;^! 

4.8  Bolt,  ^nless  steel,  025-in.  (6-mm)  Saeter  with 

stainless  steel  washen  and  nut.  “^wct  wim 

AuL:  SaIS”””’  and  AMS  4916  Titanium 

^oys  wA  qieciffiens  prepared  from  the  same  sheet  stock 

^  a“oy  cut  parallel  to  the  rolling  direction  to  the 
jme^ons  of  Fig.  I.  The  specimen  c^  shall  not™ 
otherwise  relieved  prior  to  test^. 

4.10  Cotton  Gloves,  white. 

5.  Reagents  and  Materials 

R^rfW-Reagent  grade  chemicals  shall  be 
Aat  all  Otherwise  indicated,  it  is  intended 

shfU.confoim  to  the  specifications  of  the 

S  American  Chem- 

cal  Soacty,  where  such  specifications  are  available.^  Other 

•“Wd •’^Skltaikkd^u'hodli^^^ ^1*^  y- 

mtiafhetofy,  ^  found 

«<*  Umb  Sk«»  2o,»  4  Model  ltVB.73  he.  SlT^ed 
afcbcSjT'  ^  2oo»  CmUo*  Ho.  31-19-304)2  h«  b«ilbu«I 

America. 

vTOira  a^y.  waihinpon.  DC.  FaseMeuiooton  the  leaii«ofieeeMr^ 
■*to*  by  the  Amenctn  Chemictl  Soagfv  ci  a  j  r  *^®f®***®* 

Oitmeal,,  BDH  Ltd.,  POotelSoi^’  ^  for  Lahormory 

Rockv«le.MD  '•»"»«»)«)  Cdoveniioi.,  Inc  (USPC). 
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grades  may  be  used,  provided  it  is  first  ascertained  that  the 
reagent  is  of  sufficiently  high  purity  to  permit  its  use  without 
lessening  the  accuracy  of  analysis. 

5J,  JHiriiy  cf  Water — Unless  otherwise  indicated,  refer¬ 
ences  to  water  shall  be  understood  to  mean  reagent  water 
conforming  to  Specification  D  1 193  Type  IV. 

5.3  Cleaning  Solution,  mix  35  volume  %  nitric  add  (42 
Be')  (CautiiHi — See  Annex  A1.2)  and  3  volume  % 
hydrofluoric  acid  (70  %)  (Caution— See  Annex  A1.3)  with 
reagent  water. 

5.4  Salt  Solution,  dissolve  3  weight  %  sodium  chloride  in 
distilled  water. 

5.5  Solvent,  toluene  or  methyl  ethyl  ketone.  (Gmtion— 
See  Annex  A  1.1). 

6.  Precleaning  Test  Specimens 

6.1  Handling  contamination  and  shop  soils  may  be  re¬ 
moved  by  washing  in  a  solvent  Dry  thoroughly. 

7.  Specimen  Fabrication 

7.1  With  the  short  specimen  axis  as  the  bend  axis,  press 
form  the  spedmen  around  an  approximately  0.45-in.  (14- 
mm)  diameter  mandrel  in  one  operation  so  that  an 
unrestrained  preform  angle  of  approximately  65*  is  obtained. 
See  Fig.  2. 

7.2  Qean  the  spedmen  preform  by  immersing  in  cleaning 
solution  of  5.3  for  15  ±  5  $.  Rinse  in  clean  water,  then  in 
reagent  water.  Air  dry  with  the  bend  zone  up.  Use  white 
cotton  gloves  when  handling  specimens,  and  do  not  touch 
the  bend  zone  after  cleaning. 

7.3  Final  U-bend  configuration  shall  be  accomplished  by 


bendmg  the  free  ends  of  the  preform  together  in  a  vise  until 
the  distance  between  the  free  ends  is  reduced  to  0.65  in.  ± 
0.05  (16.5  ±  I  mm).  Sec  Fig.  3. 

7.4  Restrain  the  test  specimen  with  sides  approximately 
p^el  by  fastening  the  ends  with  a  dean  0.25-m,  (6-mm) 
diameter  stainless  steel  bolt  with  washers.  Unplated  steel  nuts 
may  be  used.  See  Fig.  1. 

7.5  Load  the  specimen  by  tightening  the  bolt  until  the  legs 
are  0.535  ±  0.005  in.  (13.6  ±  0.10-mm)  apart  Sec  Fig.  3. 

8.  Ptocedure  (See  Fig.  4) 

8. 1  Test  a  minimum  of  nine  specimens  of  each  alloy  using 
the  following  procedure. 

8.1.1  To  establish  acceptability  of  the  titanium  alloy  sheet 
materials  for  use  in  these  tests,  test  three  restrained  test 
spedmens  of  each  alloy  without  contacting  any  test  solution 
after  add  cleaning. 

8.1.2  To  establish  sensitivity  of  the  titanium  alloy  sheet 
materials  to  stress  corrosion  attack,  wet  three  restrained  test 
sp^mens  of  alloy  by  immersing  in  a  solution  of  3 
weight  %  of  sodium  chloride  in  reagent  water.  Hang  to  dry 
with  the  bend  zone  down.  Remove  and  test  as  in  8.2. 

8.1.3  To  evaluate  the  effect  of  the  candidate  solution,  wet 
three  rest^ned  test  speamens  of  each  alloy  by  immersing  in 
the  candi^te  solution  at  the  maximum  recommended 
concentration.  Hang  to  dry  with  the  bend  zone  down,  and 
test  as  in  8.2. 

8.2  Heat  the  restrained  spedmens  in  an  air  circulation 
furnace  in  accordance  with  method(s)  to  be  specified  by  the 
purchaser  as  follows: 
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Mnrinwy  Exvrynatiori-^ 

ExAmint  Control  SpadmonK 
If  any  are  cracked,  repetf  encine  leer. 

If  none  M  cracked  proceed  ro  examine  cendWati  solution  treated  apecimana. 

Hold  unoraoked  NaCI  treated  apedmsna  tor  metalographic  examlnaUon. 

Examine  Canddaie  Solution  Treated  Spedmeni: 

V  el  are  cradced.  oandktem  cteaelv  ^ 

.  If  some  or  none  are  cracked,  proceed  to  dean  gpedmens  and  pertonn  meta^^grapWc  examination. 
MetalograpNc  Examination— 600X 
Examine  Control  Specimens: 

If  «iy  are  orackad.  raipear  andre  leer. 

If  none  are  cracked,  proceed  to  examine  NaCI  and  candUMa  adutlon  kaatad  apedmana. 

Examine  NaCI  Soiutlan  Treatad  Specfenens: 

If  not  al  are  creckad,  repeaf  andre  tear  prooadbre. 

tf  ail  are  crackad,  proca^  to  axamine  candUate  aohilion  traaied  apadmana. 

Examlna  Candidate  Sdutkin  Treated  Spedmene: 

If  none  are  cracked,  cancdetefe  cleaning  compound  k  acotpted, 
tf  dl  are  cracked,  cwxtkiitfe  corryxMJnd  te 

d  eome  are  credted,  Mire  fief  procedkjre  me/ Perepcafed  arena  feeter’a  opdor?. 

FIG.  4  ProcMS  Flow  Chait 


8.11  Heat  at  900  ±  20T  (480  ±  10*Q  for  8 
±0.2  h. 

8.12  Method  Heat  at  500  ±  20T  (260  ±  10*Q  for 
168  ±  4  h. 

8J2.3  After  heating,  remove  the  specimens  from  the  fur¬ 
nace,  allow  to  cool,  and  inspect  for  cracks. 

8.3  Preliminary  Evaluation — Inspect  all  of  the  restrained 
q)ecimens  visually  using  20-diameteis  magnification. 

8.3.1  If  cracks  are  found  on  the  untreated  (control) 
specimens,  repeat  the  entire  stress  corrosion  test  using 
acceptable  titanium  alloy  sheet  material 

83.2  If  cracks  are  found  on  all  candidate  solution  treated 
qiecimens,  this  shall  be  cause  for  rejection  of  the  candidate 
leaning  material. 

8.33  All  restrained  specimens  not  found  to  be  cracked 
during  visual  inspecdon  at  20-diameters  magnification  pre¬ 
pare  for  further  inspection  as  follows: 

8.3.3. 1  Remove  the  boh  restraints. 

83.33  Rinse  in  warm  tap  water,  do  not  permit  to  dry. 

8.3.3.3  While  wet,  immerse  in  add  deaning  solution  of 

6.3  for  IS  ±  S  5. 

8.3.3.4  Rinse  in  tap  water  and  air  dry. 

8.3.3.5  Inspect  metaUographically  as  in  8.4.1. 

8.4  Metallographic  Inspection. 

8.4.1  Make  a  cross  section  of  each  spedmen  at  the  bend 
normal  to  the  bend  axis  (parallel  to  the  test  panel  long  axis). 
Cut  the  specimens  using  a  fine-tooth  hadcsaw  or  other 
apparatus  capable  of  produdng  a  smooth  cut  with  minimal 
disturbance  of  specimen  edges.  Make  the  cut  approximately 
at  the  center  axis  in  line  with  the  hdes.  The  metallographic 
spodmea.  shall  encompass  material  from  the  bend  to  a  point 
i^pfoximatdy  0.5  in.  (13-mm)  from  the  bend.  Examine  the 
cut  surface  over  the  0.^in.  (13-mm)  distance  on  both  sides  of 
the  bend  zone  at  500-diameters  following  metallographic 
preparation  appropriate  to  the  spedmen  alloy  composition. 

8.5  For  the  Process  Flow  Chart,  see  Fig,  4. 


9.  Determination  of  Test  Results 

9.1  Detection  of  cracks  on  dther  the  tension  or  compres¬ 
sion  surfaces  of  any  of  the  untreated  (control)  spedmens 
shall  be  cause  to  repeat  the  entire  stress  corrosion  test  using 
acceptable  titanium  alloy  sheet  material. 

93  Failure  to  detect  cracks  on  either  the  tension  or 
compression  surfaces  of  all  of  the  sodium  chloride  solution 
treated  specimens  shall  be  cause  to  tepeex  the  entire  stress 
corrosion  test  using  titanium  alloy  sheet  having  a  demon¬ 
strated  susceptibility  to  stress  corrosion  cracking. 

9.3  Examine  tension  and  compression  sux&ces  of  candi¬ 
date  solution  treated  specimens  for  cracks  and  make  one  of 
the  following  dispositions: 

9.3.1  Failure  to  detect  cracks  on  any  spedmen  shall 
constitute  an  acceptance  test  for  the  candidate  cleaning 
material. 

9.3.2  Detection  of  cracks  on  all  spedmens  shall  be  cause 
for  rejection  of  the  candidate  cleaning  material 

9.3.3  If  some  of  the  qxdmens  do  not  exhibit  cracks,  the 
entire  stress  corrosion  test  may  be  iq>eated  at  the  option  of 
the  testing  facility. 

10.  Report 

10.1  Report  the  name,  type,  source,  and  concentration  of 
the  candidate  material. 

10.2  Report  the  acceptance  or  rejection  of  the  candidate 
material 

10.3  Report  a  description  of  any  observed  corrosion 
phenomena  not  considered  in  9.3. 

10.4  Report  whether  retesting  was  conducted  in  aocor- 
danoe  with  8.3.1,  9,1, 9.2,  or  9.3.3. 

11.  Precision  and  Bias 

11.1  iVec^'on--Tbe  precision  of  this  test  method  has  not 
been  determined.  A  cooperative  laboratory  program  is 
planned  to  obtain  this  data. 

113  Bias— An  estimate  of  the  bias  of  this  test  is  not 
possible. 
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ANNEX 

(Mandatory  Informadon) 

Al.  PRECAUTIONARY  STATEMENTS 


A1  *1  Sohent  (Typical  for  Toluene) 

WARNING — Flammable.  Vapor  harmful 
Keep  away  from  heat,  sparks  and  open  flame. 

Keep  container  dosed. 

Use  with  adequate  ventilation. 

Avoid  breathing  of  vapor  or  spray  mist. 

Avoid  prolonged  or  repeated  contact  with  skin. 

A1.2  Nitric  Add  (concentrated) 

DANGER^Poison.  Cbrrosive.  Strong  oxidizer. 

Contact  with  oiganic  material  may  cause  fire. 

May  be  fatal  if  swallowed. 

Liquid  and  vapor  cause  severe  bums. 

Hsimful  if  inhaled. 

May  cause  delayed  lung  injury. 

Spillage  may  cause  fire  or  liberate  dangerous  gas,  or  both. 
Do  not  get  in  eyes,  on  skin,  or  on  clothing. 

Do  not  breathe  vapor,  spray,  or  mist 
Dilute  by  adding  add  to  water. 

Keep  in  tightly  dosed  container  in  approved  acid  storage 
cabinet 
Keep  cool 

hoc^n  dosure  carefully  when  opening. 

Use  with  adequate  ventilatbn. 

Keep  from  contact  with  combustible  materials. 


Keep  container  closed  when  not  in  use. 

Use  protective  clothing  and  goggles  when  handling. 

Wash  thoroughly  after  handling. 

A13  Hydrofluoric  Add  (concentrated) 

DANGER — Poison.  Corrosive.  Strong  oxidizer. 

Contact  with  organic  material  may  cause  fire. 

May  be  fatal  if  swallowed. 

Liquid  and  vapor  cause  severe  bums. 

Hannful  if  inhaled. 

May  cause  delayed  lung  injury. 

Spillage  may  cause  fire  or  Ubmte  dangerous  gas,  or  both. 
£>0  not  get  in  eyes,  on  skin,  or  on  dothing. 

Do  not  breathe  vapor,  spray,  or  mist. 

Dilute  by  adding  add  to  water. 

Keep  in  tightly  dosed  container  in  approved  add  storage 
cabinet 
Keep  cool. 

Loosen  closure  carefully  when  opening. 

Use  with  adequate  ventilation. 

Keep  from  contact  with  combustible  materials. 

Keep  container  dosed  when  not  in  use. 

Use  protective  dothing  and  goggles  when  handling. 

Wash  thoroughly  after  handling. 
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wtth  $ny  Itm  manuormd  in  thi§  tfanctarcf.  Uaan  cf  this  stmuM  sn  sxprsssfy  scMssd  Umt  dstarminsition  ot  ths  vsMdSy  ofm/su^ 
pmmrignts,  sn<f  risk  of  infringmnent  of  stKh  rights,  §n  sntlnty  thet  om  fssponsibtlity, 

Thb  sisfvlsrd  k  subiect  to  rsfifiskin  St  siiy  tims  by  thB  nspomibh  tmUink^sl  commhtee  snd  must  bs  mmwsd  yssfs  snd 
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views  known  to  the  ASW  Comnuttee  on  Standards,  1916  fkce  St.,  Philadalfjhia,  PA  19103. 
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Designation:  F 1110  -  90 


Standard  Test  Method  for 
Sandwich  Corrosion  Test'' 

15?^  Fj  1 10;  the  aumber  lonnedkldy  fbUowiog  the  daiigiMtion  indkates  the  yev  of 

supencnpt  epiOon  (f)  indicates  »  editor^  chan^  since  the  hut  reviiioo  or  icapprovsL  PProvai.A 


1.  Scope 

1.1  This  test  method  defines  the  procedure  for  evaluating 
the  corrosivity  of  materials  on  aluminum  alloys  commonly 
used  for  airctaft  structures.  This  test  method  is  intended  to 
be  used  in  the  Qualification  and  approval  of  compounds 
employed  in  aircraft  maintenance  operations. 

1 .2  This  standard  may  involve  hazardous  materials,  oper¬ 
ations,  and  equipment.  This  standard  does  not  purport  to 
address  all  q/*  the  sqfety  problems  associated  with  its  use.  It  is 
the  responsibility  qf  the  user  of  this  standard  to  establish 
approprkue  safety  and  health  practices  and  determine  the 
applicability  of  regulatory  limitations  prior  to  use.  Specific 
hazard  statements  appear  in  Section  9. 

2.  Referenced  Documents 

2.1  ASTM  Standards: 

D 1 193  Specification  fiir  Reagent  Watcr^ 

D 1748  Test  Method  for  Rust  Protection  by  Metal  Pre¬ 
servative  in  the  Humidity  Cabinet^ 

G46  Practice  for  Examination  and  Evaluation  of  Pittixm 
Corrosion^ 

22  Federal  Specifications: 

QQ-A-250/4  A1  Alloy  2024  Mate  and  Sheet^ 

•  QQ-A-250/5  A1  Alloy  Aldad  2024  Plate  and  Sheef^ 
QQ-A-250/12  A1  Alloy  7075  Plate  and  Sheet^ 
QQ-A-250/13  A1  Alloy  Aldad  7075  Plate  and  Sheet'* 

2.3  Military  Specification: 

MlL-A-8625  Anodic  Coatings  for  Aluminum  and  A1 
Alloys^ 

3.  Terminology 

3.1  Description  of  Term  Specific  to  This  Standard: 

3.1.1  sandwich  corrosion  test — a  comparative  accelerated 
environmental  test  of  the  corrosivity  of  liquid  or  solid 
materials  on  structural  aluminum  alloys  commonly  used  in 
aerospace  construction. 

4.  Summary  of  Test  Method 

Aluminum  coupons  having  clad  or  anodized  nonclad 
suifaccs  are  sandwidicd  together  with  a  filter  paper  saturated 
with  the  test  material  between  the  coupons.  The  sandwiched 

Mhi*  IM  BMtbod  it  Mdir  ih9  JuritdicUon  of  ASTM  Committee  M  oo 
AnoipMe  ud  Alrcrtft  ond  a  the  direct  reipofuibility  of  Subcomnuiifle  F07j07  ob 
QutlificetloB  TetUng  of  Atfcnft  Oeaiiiiig  Meieiiilt.  "«««  «» 

Qirp^  edi^  ai^ved  iw.  2d.  1990  Published  M«eh  1990.  OriginaUy 

|iuUiihedMFU10-S6.l4Utpieviout  edition  FI  110- 66.*'  ^ 

\Amutal Book ASTM St<uuhrds,yo\  lini. 

>.4#im«i/aocA  igASTU Standards,  Vol  05i)l. 

^Annual  Book  tg ASTM  Standards, 

Kiita*Sta!*PA°1912o!”‘  »*«'  Trtor  Avc, 


coufwns  an  Qrcled  between  warm  ambient  air  and  warm 
humid  ^air  for  7  days.  The  coupons  am  then  inspected  to 
determine  whether  corrosion  mom  seven  than  that 
by  reagent  water  has  occurred  on  the  surfaces  exposed  to  the 
test  material.  This  test  method  may  he  used  for  solutions  of 

dry  granular  material  or  for  liquid  materials. 

5.  iSgnllicanoe  and  Use 

5.1  'nie  data  generated  by  this  test  method  shall  be  used  to 

determine  whether  aircraft  structural  aluminum  alloys  an 
liable  to  be  corroded  or  damaged  by  apjdication  of  the  test 
material  during  routine  maintenance  operations. 

5.2  Interpretation  of  the  sandwidi  corrosion  test  results  is 
bas^  on  a  comparison  of  the  appearance  of  faying  sur&ces 
of  three  sets  of  coupons  One  set  of  test  coupons  is  exposed 
with  reagent  water  only  in  the  faying  surfaces,  to  eatahU^h  the 
baseline  (controls)  against  which  the  panels  exposed  to  the 
test  material  am  compared.  Corrosion  at  cut  e^es  of  the  test 
coupons  should  be  disregaritf^ 

5.3  The  nlative  corrosion  severity  rating  system  is  pn>- 
wded  in  mder  to  ^ow  a  numerical  classification  of  the  test 
results  and  to  eliminate  the  necessity  for  elaborate  weight  loss 
measonments.  Pitting  corrosion,  which  is  rated  4— extensive 
(seven)  corrosion,  may  involve  only  a  negligible  wei^  loss. 

5.4  Relative  corrosion  severity  rating  ^stem 

0-*-^  vildbfe  eoirotiofi 

I— Very  flight  oonosioB  or  diicoloiBCion 

Z— Slight  Gorraiioa 

3— Moderate  oorroflon 

A — Extensive  oorraiion  or  pitting 

0— No  cononon 

1—  Up  to  5  IS  of  the  Miiaoe  vet  comded 

2—  5tolOX 

3—  10  to  2S  IS 

4— 25  %  or  noie 

6.  Interferences 

6.1  Tap  water  containing  large  amounts  of  dissolved 

sohds,  specially  chlorides,  may  cause  relative  seven  corro¬ 
sion  of  the  aluminum  control  panels.  For  this  reason  a 
reagmt  water  is  specified.  For  comparative  puiposes,  a  Mt  of 
alu^um  test  panels,  with  the  locally  available  tap  water 
apphed  to  the  filter  paper,  may  be  run  along  with  the  wagont 
water  panels.  ^ 

6.2  Under  certain  conditions  cellulose  filter  paper  may 

aluminum  alloy  and  change  the  test 
mults.  Filter  paper  made  from  glass  fibers  is  available,  and 
should  be  used,  except  for  fluoride-containing  compounds. 

7.  Apparatus 

T^ Cabinet,  as  specified  in  Test  Method 
D  1748  or  equal,  capable  of  finom  95  to  100  %  nlative 
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humidity  at  37.7  ±  1*C  (100  ±  2T). 

7.2  Oven,  forced  air  drculation,  capable  of  maintaining 
37.7  ±  1^:  (100  ±2*F). 

7.3  Microscope,  binocular,  lOx  to  40x. 

8.  Reagents  and  Materials 

8.1  Purity  qf  Water— Uokss  otherwise  indicated,  refer¬ 
ences  to  water  shall  be  understood  to  mean  reagent  water  as 
defined  by  Specification  D  1 193,  Type  IV. 

8.2  Aluminum  Alloy  Coupons: 

8.2.1  Aluminum  i^oy  coupons  shall  conform'  to  the 
following  Federal  Specifications: 

QQ-A-250/4,  2024.T3  nondad 
QQ-A-250/5,  2024-T3  Alclad 
QQ-A-250/12, 7075-T6  nondad 
QQ-A-250/13, 7075-T6  Aldad 

8.2.2  Coupon  Size— The  recommended  coupon  size  SO 
by  100  by  1.0  to  1.5  mm  (2  by  4  by  0.04  to  0.06  ia)  has  been 
found  to  provide  suitable  results  for  comparative  tests. 
Small^  sizes  are  not  recommended,  because  of  the  increased 
variations  due  to  edge  effects.  Larger  coupons  are  acceptable, 
but  the  space  requirements  for  testing  and  storage  should  be 
consideroL 

8.3  Anodize  the  nondad  coupons  in  accordance  with 
Military  Spedfication  MIL'A-8625Q  Type  1  (Qiromic 
Add). 

8.4  Filter  Paper — ^Use  Whatman  GFA  or  equal  filter 
paper  made  from  glass  fibers,  1 1  or  13  cms.  Filter  paper  will 
not  be  required  when  the  material  being  tested  is  a  solid. 
Cdlulose  filter  paper  diould  be  used  with  products  con¬ 
taining  fluorides. 

9.  Hazards 

9.1  The  materials  used  for  aircraft  maintenanae  may 
contain  flammable  solvents,  strong  adds  or  alkalis,  or  other 
toxic  com^unds.  Take  suitable  precautions  to  prevent 
personal  iiyury  from  these  hazards.  When  the  composition 
of  the  test  material  is  not  known,  consult  the  manufacturer 
to  determine  whether  any  hazards  exist 

9.2  Exerdse  special  care  in  handling  the  diromic  acid 
solution,  q)edfied  in  8.3  for  its  etching  properties. 

10.  Sampling 

10.1  Agitate  or  thoroughly  mix  the  test  material  to  assure 
uniformity.  Where  dilution  of  the  material  is  required,  ure 
reagent  water  or  the  solvent  specified  by  the  product  manu- 
fecturer.  Apply  sufficient  test  material  to  saturate  the  area 
between  the  metal  coupons. 

11.  Test  Specimen 

11.1  Prepare  three  sets  oftest  panels.  A  test  panel  set  shall 
consist  of  eight  individual  test  coupons,  sandwiched  together 
in  pairs  of  coupons  of  the  same  alloy  and  the  same  surfiice 
treatment  to  provide  four  test  coupon  sandwiches  for  each 
test  condifion.  Identify  each  coupon  ^  impression  stamping 
or  other  suitable  permanent  mefood. 

11.2  Clean  tl»  panels  ^  solvent  wiping,  or  vapor 
degreasing.  Do  not  use  acid  or  caustic  deaners.  Remove  ink 
stamp^  maridngs  from  the  panels.  Do  not  use  abrasive 
materials  to  clean  the  paiKis. 

1 1.3  Prqiare  the  test  panel  sets  as  follows  for  each  alloy: 


.  11.3.1  One  set  for  the  compound  to  be  tested  at  we 
dilution, 

1 1.3.2  One  set  for  the  compound  to  te  tested  in  concen¬ 
trated  form  and 

11.3.3  One  set  fiw  controls  nsiiig  reagent  water. 

12.  Preparation  of  Apparatus 

12.1  Verify  that  the  humidity  cabinet  is  operating  at  the 
spedfied  temperature  and  humidity. 

12.2  Verify  that  the  air  oven  is  operating  at  the  specified 
temperature,  with  air  circulation. 

13.  Calibration  and  Standardizadoa 

13.1  Since  the  test  coupons  include  controls  for  compar¬ 
ative  purposes,  no  q>ecial  calibration  or  standardization 
procedures  are  required. 

14.  Conditioning 

14.1  Conditioning  of  the  test  materials  or  the  sets  of 
prepared  test  coupons  is  not  required.  Thoroughly  agitate  the 

.  test  sample  before  application  to  the  test  coupons. 

14.2  Allow  the  anodized  panels  to  age  for  a  period  of  at 
least  48  h  prior  to  exposure. 

15.  Procedure 

15.1  Assemble  the  cleaned  paneb  into  three  Identical 
groups  each  having  four  different  sets  of  paneb  suitably 
identified  by  permanent  marking.  Bach  panel  set  shall 
consist  of  two  individual  coupons  of  the  aame  alloy  and  the 
same  surface  treatment 

15.2  Cut  a  piece  of  glass  fiber  filter  paper  to  approximate 
25  by  75  mm  (1  by  3  in.).  Fit  thb  jfiece  over  one  of  the 
coupons.  Add  the  test  solution  at  the  use  concentration  to 
the  paper  until  saturated.  Cover  the  wet  paper  with  the 
second  coupon  of  the  sandwich  pair.  Repeat  the  operation 
for  each  of  the  coupon  sets  in  the  group.  T^  test  may  be 
omitted  if  the  test  material  b  to  be  used  in  the  concentrated 
form  only.  See  8.4  for  deletion  of  the  filter  paper. 

15.3  FTepaie  a  second  group  of  paneb  as  outlined  in  15.2 
except  apply  the  material  to  be  treated  in  the  concentrated 
as-received  condition,  without  dilution  by  water  or  solvents. 
(Not  applicable  to  di^  granular  materials.) 

15.4  Prepare  a  thM  group  of  panels,  as  outlined  in.  15.2, 
except  apply  reagent  water  only  to  the  filter  paper  between 
the  paneb. 

15.5  During  each  test  day,  expose  the  paneb  in  the  air 
oven  for  8  h  followed  immediately  by  exposure  in  the 
humidity  cabinet.  Tire  alternating  exposure  periods  should 
be  started  on  a  Monday  morning  with  the  initial  exposure  in 
the  air  oven.  Over  tire  following  weekend  the  coupons  shoi^ 
be  left  in  the  humidity  cabinet.  Maintain  the  humidity 
cabinet  at  37.7  ±  1*C  (100  ±  2*F)  and  95  to  100  %  relative 
humidity.  Maintain  the  air  oven  at  37.7  ±  2.8‘C  (100  ±  5*F)* 
Expose  each  ret  of  paneb  individually,  not  stacked,  in  a 
horizontal  position.  After  exposure,  rinse  the  paneb  in  warm 
tap  water,  and  scrub  lightly  with  a  soft  nonmetallic  bristle 
bn^.  After  drying,  examine  each  panel  under  lOx  magnifi¬ 
cation,  and  rate  each  s^  according  to  the  scales  in  5.4. 

16.  Interpretation  of  Results 

16.1  Compare  the  corrosion  rating  on  the  set  of 
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from  the  first  and  second  groups  with  those  bom  the  third. 
Reagent  water,  control  group.  Any  coirosion  in  excess  of  that 
shown  by  group  3  shall  be  cause  for  rcyection.  CKve  pitting 
corrosion  ot  any  panel  a  severity  rating  of  4.  Disregard  any 
corrosion  at  the  edges  of  the  ^eL  Compare  only  those 
surfaces  whidi  were  under  the  filter  paper.  Pitting  is  defined 
in  Practice  G  46. 

17.  Report 

17.1  Prepare  a  report  certifying  that  the  test  has  been  run 
in  accordance  with  this  test  method  and  listing  the  exact 


conditions  of  the  test  as  performed.  Tabulate  the  corrosion 
rating  of  all  test  panels  used  in  the  test,  and  smtp.  whedier  the 
test  compound  is  considered  to  be  acceptable  fix>m  a 
sandwich  coirosion  standpoint. 

18.  Precision  and  Bias 

18.1  No  statement  is  made  about  either  the  precision  or 
bias  of  this  test  method  since  the  result  merely  states  whether 
there  is  conformance  to  the  criteria  for  success  specified  in 
the  accom^ying  material  or  process  specification  of  the 
material  bdng  tested,  or  both. 


APPENDIX 


(Nonmandatory  Information) 

XI,  RECOMMENDED  PANEL  IDENTIFICATION,  TABULATION  OF  RESULTS,  AND 

EXPOSURE  SCHEDULE 


Xl.l  Pond  Identification: 

Xl.1.1  Test  Material  Diluted  to  Using  Concentration: 

A-1  2024>T3  Nondad  Anodized 

A-2  2024-T3  Aldad 

A-3  7075>T6  Nondad  Anodized 

A-4  7075-T6  Aldad 

Xl.1.2  Test  Material  in  Concentrated,  As-Received  Con¬ 
dition: 

B>1  2024>T3  Nondad  Anodized 
B-2  2024-T3  Aldad 
B-3  707S-T6  Nondad  Anodized 
B-4  7075-T36  Aldad 

XI. 1.3  Speclficatitm  D 1193,  Grade  TV  Control: 

&1  2024>T3  Nondad  Anodized 


StoTi  i  Rooort  pitting  coirotlon  wpaiately,  K  prwant. 


Condition 


Aloy 
2  S 


B— Conoenttate  _ 

C— SpeoWcaaon  P 1193.  Type  IV 

no.  X1.1  neconimsnded  Tabulaaon  of  Itoautta 


C-2  2024.T3  Aldad 

C*3  7075*T6  Nondad  Anodized 

C4  7075-T6  Aldad 

X1.2  Tabulation  of  Results: 

XI  J1.1  See  Fig.  Xl.l  for  a  recommended  form  for  tabu¬ 
lation  of  results. 

XU  Exposure  Schedule: 

XU.l  See  Table  Xl.l  for  a  recommended  exposure 
schedule. 

_ TABLE  X1.1  Recommended  Exposure  Beheduto^ 


ConditlonB 

h±tfb 

Tamparature 

•CCF) 

BMNeHm 

B 

87.7  (10Q) 

Ambient 

16 

87.7000) 

85-100 

6 

37.7  <100) 

'  Ambient 

16 

37.7  (100) 

86-100 

8 

87.7(100) 

Ambient 

16 

37.7  aOO) 

86-100 

8 

37.7  aOO) 

Ambient 

18 

37.7(100) 

86-100 

8 

37.7(100) 

Ambient 

64 

37.7(100) 

86-100 
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Standard  Test  Method  for 

Mechanical  Hydrogen  Embrittlement  Testing  of  Plating 
Processes  and  Aircraft  Maintenance  Chemicals^ 


TUt  Maadtrd  it  imied  under  Ibe  fixed  detiination  F  S 1 9;  tbe  number  immediately  IbUowiiig  ibe  designation  indicates  the  year  of 
original  adoptfM  or,  in  the  cate  oTrevhion,  the  year  of  last  revision.  A  number  In  parentheses  iodiGates  Ihe.  year  oTIait  reapproval.  A 
supencr^  eprikm  <<)  indicates  an  ecfitorial  change  since  the  last  revUioa  or  leamiroviL 


It  Scope 

1.1  This  test  method  covers  mechanical  tests  for  the  eval¬ 
uation  and  control  of  the  potential  for  hydrogen  embrittle¬ 
ment  that  may  arise  from  various  sources  of  hydrogea  as  in 
plating  processes,  from  fluids,  cleaning  treatments,  mainte¬ 
nance  chemicals,  and  gaseous  environments  that  may  con¬ 
tact  the  surface  of  steels. 

1.2  The  proc^ures  and  requirements  are  specified  for  five 
types  of  test  specimens  using  a  heat  of  AISI E4340  steel  with 
dmonstrated  sensitivity.  This  test  method  is  not  intended  to 
m^sure  the  relative  susceptibility  of  other  steels. 

1.3  This  test  method  assumes  that  AISI  E4340  steel  at 
51HRC-54HRQ  determined  to  be  sensitive  as  specified  in 
Table  1,  is  the  worst  case;  that  is,  all  other  heat  treated,  high- 
haxdness  steels  are  less  susceptible  to  hydrogen  embrittle¬ 
ment. 

1.4  For  testing  maintenance  chemicals,  the  containment 
chamb^  must  be  isolated  around  the  test  specimen,  as 
shown  in  Fig.  1  for  Type  la.  If  the  test  specimen  and  self- 
loading  frame  are  to  immersed  into  the  maintenance 
chemical,  then  the  test  fixture  must  be  made  from  AISI 
E  4340  steel  except  that  it  can  be  vacuum  melted  and  heat 
treated  to  a  tower  hardness  by  tempering  at  482  ±  14*C  (900 
±  25*F)  to  a  hardness  of  40HRC43HRC  This  is  done  in 
order^  to  minimize  any  polarization  effects  of  galvanic 
coupling  that  would  influence  the  test  results,  . 

1»5  Specimen  geometries,  equivalent  loading  condition^ 
and  the  pass/fail  requirements  for  each  type  are  also  speci¬ 
fied. 

1.6  CV<m{^carian--^Hydrogc^  embrittlement  tests  can  be 
performed  with  specimens  as  specified  in  the  following: 

1.6.1  Type  I — Notched: 

1.6. 1.1  Type  in— -Round  bar,  loaded  in  tenrion,  under 
constant  load 

1.6. 1.2  Type  Jb-^Kamd  bar,  loaded  in  tension,  with 
self-loading  ring. 

1.6. 1.3  Type  ./o— Round  bar  loaded  in  bending  with 
self-loading  frame. 

1.6. 1.4  Type  ir/— C-rings  loaded  in  bending  with  self- 
loading  bolf^ 

1.6.2  Type  2 — Smooth  (Unnotched). 

1.6.2. 1  Type  2a— Ring  specimens  loaded  in  bending  with 
displacement  bars. 


1.7  This  standard  does  not  purport  to  address  all  of  the 
safety  problems,  if  any,  associated  with  Its  il^e.  7t  is  the 
responsibility  of  the  user  qf  this  standard  to  establish  appro¬ 
priate  safety  and  health  practices  and  determine  the  applica¬ 
bility  of  regulatory  limitations  prior  louse. 

1 .8  This  test  method  is  limited  to  hydrogen  ezhbriulement 
testing  ofsteels  that  are  exposed  to  the  following* 

1.8.1  Au  ^e<nrocfaemicd  plating  process. 

1.8.2  Maintenance  chemicals,  subsequent  to  cadmium 

plate.  ,  . 

1.9  The  values  stated  in  acceptable  metric  units  shall  be 

regarded  as  the  standa^  \  . 

1.  Referenced  Documents 

2.1  4STAlStandards:\ 

A  370  Test Methods  wd  ^  ^finitions.  for  M^echaniqal 
T^ng  of  Steel  Products^  .. 

D 1 193  Specification  for  Reagent  Water^  - 
E  3  Methods  of  Preparation  of  M^lograpluc  Specimexis^ 
E  8  Test  Mc^ods  for  Tension  Testing  of  Metallic 
Materials^* ‘  .  -  .  .  . 

£  18  Test.Methpds  of  Rockwell  Hardness  and  Rockwell 
Superficial  Haidpe^  of  MetaiUcMatcri^ 

E  30  Methods  for  Chemical  Analysis  of  Steel,  Cast  Iron, 

:  Open-Hei^  fron  and  Wrou^t 
E  292  ^ctioe  for  Conducing  Time-for-Ruptuie  Notch 
Tension  Tests  of  Mat^als^ .  : 

E  407  Test  Metbckls  for  Microetching  Mctals:  and  AUqys^ 
E  709  Guide  fprMagnefio  Particle  Ebtaminatipn*^:’ 

2.2  Military  and  fe^ral  Standards:!  , . .  /  ’ . 

MIL-H-6875  Heat  Treatment  of  Steels,  Process  for  .  ; . 
MlL-S-5000  Steel,  Chrome-Nickel-Molybedenum  (E  4340) 

Bars  and  Reforging  Stock 
MIL-S-13165  Shot  Pecning  of  Metals 
MIL^851  Steel  Grit,  Shot  arid  Cut  Wire  Shot;  andTton 
Orit  and  Shot  Bla&t  Qeanihg  arid  Peeni^ 

WiL-C-16173  Conosion  ^Preventive  Compound,'  Solvent 
Cutback,  ColctAppUcatioh-^  ' 

Federal  Specification  QQ-P416  Platting  Cadmium  OEle^ 
trodeposited)  *  ‘  * 

it,  Summa^:.of  Test  Method  . 

3.1  .F/atf/:fiVocm«--Uimressedtest8p^mens(sefr6;l) 


•TWi  ten  method  It  under  the  Jurisdiction  of  ASTM  Committee  F.7  ob 
Aerospeoe  uid  Mtonh  and  it  the  direct  retponsibUity  ofSttboommitiee  1=0704  on 
Hydrogen  Embriitleinent. 


C^nt  edition  tpproved  Nov.  15,  1993.  Published  Jinuary  1994.  OrigintU 
published  at  F5 19«-77.  Litt  previoui  edition  F 5 19<:77*^  . 


^Atmuaf  Book  ASTM  Statuhrtis,yQ\0\,QX  ,  . 

*  Aimuat  Book  ^ ASm  SiandarSs,  Vol  1 1.01. 

^Annual  Book  qT ASTM  Siamiards,yo\0y0U 

*  Annual  Book  qtASTU  Siandardt,  Vol  03.05.  • 

*  Annual  Bofok  (g ASTM  Standards,  Yoimxri,  :. 

.wi/v  i^^J?****^^  fioffl^tefldtfdiwtlon  Etocuments' Order  Detk,  Bldg.  4  Section  D 
700  Robblnr  Avc.,  Flilladelphli,  PA  191 1  i-i094,  Attn:  NPODS.^  ^ 
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TABLE  1  BttctropIsUng  Bath  Compositlona  and  Oparatlng 
Conditions  tor  Banslilvlty  Tasting  of  Hosts  ef  MSI  E4340  Sisal 


Bath  Compoaitlon 

Traetments 

A 

B 

Cidmlum  (BB  CdO) 

33.7  OA- 

33.7  g/L 

Mum  cyanldB  (NtCN) 

(4EozA|H) 

<4.Soz/giq 

104  OA. 

104  g/L 

RalloN«CNtoOdO 

(14oz/ga0 

(14(a/gal) 

3 

3 

pH 

12 

12 

TBrnparatuPB 

21-32«C 

21-32-C 

(70-00*F) 

(70-90*F) 

Sodkfn  hydroxklB  (NbOH) 

18.7  g/L 

18.7  g/L 

Bflghlmr.  Rolioo  20  x  L 

(2.6(»AiaO 

(^5o2/oa0 

15.0  g/L 
(2i}oz/gal) 

QaolropiaUng  currant 

108A/m> 

645  A/m* 

Etoctroplating  time 

(lOA/fta) 

(60A/n») 

90  min 

6min 

Baking  temperatura 

190  ±  14*C 

190±14»C 

Baking  tkne;  Type  1  Spedmeni 

(375  ±  25»F) 

(375  ±  25*F) 

Do  Not  Bake 

23  h 

Baking  tima:  Type  2  Specimen 

8h 

23h 

uc  exposed  to  the  same  cleaning  and  plating  procedure  as 
will  be  used  for  the  part,  and  baked  for  the  same  time  and 
temperature  as  required  for  that  plating  process.  After 
exposure  and  baking,  test  specimens  are  then  maintained 
under  a  constant  load  in  air,  during  the  entire  test  period. 

3.2  Maintenance  Chemicals— "Test  specimens,  prepared 
pa*  Table  I,  Treatment  B,  are  loaded  and  then  exposed  to 
maintenance  chemicals  (see  8.2,3). 

3.3  The  sensitivity  of  each  lot  of  AISI  E4340  steel  is 
esiablished  by  exposing  six  trial  specimens  to  two  different 
embrittling  environments  after  manufacture  and  inspection 
in  accordance  with  7.3  and  7.4.  Three  specimens  shall  be 
electroplated  under  the  highly  embrittling  conditions  pro¬ 
duced  in  a  cadmium  cyanide  bath  by  Treatment  A  (Table  1) 
and  the  remaining  three  specimens  shall  be  electroplated 
under  the  less  embrittling  conditions  of  Treatment  B.  A  lot 
of  the  steel  will  be  of  suitable  sensitivity  only  if,  after  loading 
to  the  equivalent  loads  spedfied  in  8.1,  all  three  specimens 
plat^  by  Treatment  A  fail  within  24  h  and  all  three 
specimens  plated  by  Treatment  B  do  not  fail  within  200  h. 
When  Type  1  specimens  are  plated  in  Treatment  A,  DO 
NOT  BAKE. 

4.  Significance  and  Use 

4.1  Plating — This  test  method  establishes  tests  that  are 
useful  where  strict  controls  must  be  maintaiited  during 
production  operations  such  as  surface  preparation  and 
plating  to  prevent  hydrogen  embrittlement  of  high-strength 
steel  parts  during  manufacture. 

4.2  Maintenat^  Chemicals— These  tests  arc  also  re¬ 
quired  to  determine  the  hydrogen  embrittlement  potential  of 
chemicals  that  may  contact  cadmium  plated,  high-strength, 
Type  4340  steel  parts  during  manufacturing,  overhaul,  and 
service  life. 

5.  Apparatus 

5.1  Loading  Device. 

5.1.1  Sustained  Loading  Device  {see  • 

5.1  J  Self-Loading  Fixtures— M\  materials  in  the  test 
fixtures  shall  be  in  accordance  with  the  corresponding  draw- 
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FIO.  1  Dimensional  Raquirenwnts  for  Type  la  Speetmans 

ings  with  the  exception  that  for  maintenance  cheinjcais  when 
the  test  environment  is  an  aqueous  environment,  the  fixture 
shall  be  made  of  AISI  E  4340  steel  which  shall  be  vacuum 
melted,  heat  treated,  and  tempered  to  482  ±  14*C  (900  ± 
25*F)  to  a  hardness  of  40HRC  to  43HRC. 

5.2  Clean  nonconductive  and  inert  immersion  container. 

6.  Readings  and  Materials 

6. 1  Sensitive  heat  of  AISI  E  4340  steel  as  defined  in  Table 

6.2  Aluminum  oxide  (150  grit  or  finer),  and  180-grit 
Silicon  carbide  paper. 

6.3  Clean  shot,  size  in  accordance  with  MIL-S-1316S. 

6.4  Corrorto/t— ‘Preventive  compound,  meeting  the  re¬ 
quirements  of  MIL<M6173,  Grade  2. 

6.5  Cadmium— CyzsMe  electroplating  bath  (Federal 
Spedfication  Q(3-P-416).  (Reference  Table  1.) 

6.6  Qeanets  and  paint  strippers. 

6.7  Chromic  acid. 

6.8  IPa/er— Specification  D  1 193  Type  IV. 

7.  Mechanical  Test  Specimens 

7.1  Number— A  minimum  of  three  specimens  shall  be 
used  for  each  test. 

12  Test  Specimen— AISI  E4340  steel  at  51HRC  to 
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S4HRC  is  assumed  to  be  the  worst  case;  that  is,  all  other 
hcat-^ted,  high-haidness  steels  arc  less  susceptible  to 
hydr<^n  embrittlement.  AISI  E4340  steel  produced  in 
accordance  with  MIL^SOOO.  shaU  be  used  and  heat  treated 
to  a  hardness  of  5 IHRC  to  54HRC;  reference  tensile  strength 
of  1800  to  1930  MPa  (260  to  280  ksi)  in  accordance  with 
The  0*2  %  offset  yield  strength  shall  be  at  least 
80  %  of  the  ultimate  tensile  strength. 

7  J  D/mensio/tr— Each  test  specimen  shall  conform  to  the 
following  dimensions: 

Type  la— In  accoidanoe  with  Fig.  1 
Type  lb— ]naccofdancewithF«.2 
Type  le— in  accordance  with  Fig.  3 
Type  Id— In  acconriancc  with  Fi^  4 
Type  2a— In  accordance  with  Fig.  5 

7.4  Manvfaclwte: 

7.4.1  All  Type  1  semens  shall  be  ground  to  size  after 
heat  treatoent.  Continuous  shaping  of  the  grinding  wheel 
(crush  grinding)  is  used  to  produce  all  notches.  Stress  relief 
bake  at  190  ±  14*C  (375*  ±  25*F)  for  3  h. 

7.4.2  Type  2a  smooth  ring  specimens  arc  mnfihinM  to 
size  from  norn^ized  and  stress-relieved  tubing  or  bar  stock. 

7.4.2.!^  Specimens  shall  be  debuned  by  hand,  using  sili- 
con-caibide  paper,  prior  to  heat  treat. 

7.4.2.2  Spedme^  shall  be  heat  treated  from  5  IHRC  to 
54HRC.  One  specimen  per  lot  shall  be  microstructurally 
examined  to  determine  evidence  of  decarburization. 

7.4^3  Specimens  shall  receive  a  light  aluminum  oxide 
blast  (see  7,4,3)  after  final  beat  treat. 

7.4.2.4  All  surfaces  of  specimens  shall  be  shot  peened 
usmg  conditioned  shot  The  shot  intensity  riiall  be  Almen 
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hOLS-^fsildS’^  °  *“  accordance  with 

wi  receive  a  light  aluminum  oxide 

blast  (see  7.4.3)  after  shot  pecning. 

7.4.3  ClMn  aU  surfaces  by  blasting  lightly  with  ISO  grit  or 
finer  iduminum  oxide  after  final  heat  treatment  and  again 
after  shot  ^mnfr  Use  a  9.5  to  12.7-mm  (0.375  to  0.5^.) 
no^e,  210  to  34^kPa  (30  to  SO-psi)  pressure.  apprS- 
mately  250  mm  (10  in.)  from  part  surface  and  move 
continuously. 

7  a  J  Z  ®**‘*'^*£  electrolytic  deaning  is  prohibited. 
iteA^  ^  *^“*^^““**  heat  treatment  is  prohib- 

^  **  prohibited  for 

7.5  Inspection: 

^jcdmens  cut  firom 

^  same  hut  of  steel  in  the  same  orientation,  heat  treated 

fSth*!  ^hrnace,  quenched  together  in  the  same 

bath,  and  subjected  to  the  same  additional  nianiiffl»h.r;np 

processes  at  the  same  time.  «uuiaciunng 

If  *  fP^mens  \»  suitable  for  test  puiposes 

sampling  rad  inspection  is  in  conformance  to  the 
requirements  of  Table  2.  ““ 

liJ  ^  suitable  for 

test  purposes  if  each  speamen  is  mspected  and  found  to  be  in 
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Note  4-  Tolafiflcaa  ^gUaaa  oteanMaa  apacMa^ 

XJOf  tJltemMitaJ 
moot,  *j081aMa(jNtlii.) 

no.  9  Dimensional  Requlramenta  of  Type  2a  Smooth  Rlnfl 
Speclmena 

confonnance  with  the  requirements  of  Table  3. 

7.6  Storage — ^All  specimens  shall  be  stored  in  such  a 
manner  as  to  prevent  corrosion. 

8.  Test  Procedures 

8.1  Plating  Process: 

8.1.1  Type  la — For  specimens  shown  in  Fig.  1,  the  load 
carrying  capacity  of  the  sustained  loading  device  must  meet 
or  exceed  8170  kg  (18  000  lb)  for  loading  to  75  %  of  the 
notdied  ultimate  tensile  strong^.  The  capacity  of  the  testing 
machine  for  determination  of  the  notched  ultimate  tensile 
strength  in  accordance  with  Table  1  must  exceed  10  890  kg 
(24  000  lb).  The  load  requirements  may  be  reduced  by  using 
a  smaller  diameter  round  bar  if  a  A’t  of  2.9  to  3.3  is 
maintained. 

8.1.2  Type  /^Thc  method  of  spring-loading  notched 
round  bars  in  tension  uses  a  precalibrated  ring  as  detailed  in 
Fig.  6.  The  ring  manufacturer  calibrates  each  ring  by 
determining  the  change  in  diameter  of  the  ring  when 
subj^ted  to  a  load  equivalent  to  that  required  to  stress  a  test 
specimen  to  75  %  of  its  notched  ultimate  strength. 

8. 1.2.1  Mechanisms  used  to  load  a  test  specimen  in  a 
stressed  ring  must  be  able  to  hold  the  test  specimen  at  a  stress 


TABLE  3  Acoaptance  Criteria  for  Typo  2A  0-Ring  Spaelmana 


Property 

RecMrsmonVMethod 

Hartibeas^ 

51HBC  to  54HRC  (Test  Method  E 16} 

Oimanslons^ 

(tonfoimanoe  to  Fig.  6 

Surface  qualty* 

No  magnetic  indications  >0.8  mm  (0.03125  In.) 

CkjldeE709 

Scratches 

Not  allowed 

^  Only  spedmens  meeting  leted  ortidrie  shell  be  acceptable  for  testing. 


level  of  90  %  of  the  maximum  load  applied  to  the  specimen. 
A  method  that  allows  loading  and  locking  test  specimens  at 
stress  levels  as  high  as  75  %  of  their  notched  tensile  strength 
is  described  as  follows.  No  torsional  loads  shall  be  introduced 
during  loading. 

8.1.2.2  Insert  the  test  specimen  in  a  calibrated  ring.  Ht  the 
end  of  the  specimen  extending  through  the  ring  with  a 
stainless  steel  retaining  collar  and  insert  it  into  the  jaws  of  a 
hydraulic  loading  device.  As  the  load  is  applied,  the  collar  is 
s^^ed  to  the  shaft  of  the  specimen.  The  change  in  ring 
diameter  after  removal  from  the  hydraulic  loading  device 
indicates  the  actual  stress  level  obtained  (test  load),  and  this 
must  be  at  least  90  %  of  the  change  in  ring  diameter 
produced  during  initial  loading.  If  the  specimen  has  not 
failed  by  the  end  of  the  test  period,  the  measured  ring 
diameter  must  be  within  0.025  mm  (0.001  in.)  of  that 
measured  after  initiating  the  test. 

8. 1.2.3  Warning — To  prevent  possible  injury  from  a  pre¬ 
mature  failure  of  a  loaded  specimen,  mount  a  protective 
collar  over  the  specimen  and  ring  immediately  after  loading 
as  shown  in  Fig.  7. 

8.1.3  Type  Jc — For  specimens  shown  in  Fig.  3,  the  device 
used  to  subject  notched  round  bars  to  bending  loads  is  shown 
in  Fig.  8.  Calibrate  each  device  by  counting  the  number  of 
turns  of  the  loading  bolt  required  to  fracture  the  specimen. 
Start  the  counting  at  the  point  where  the  tightening  of  the 
loading  bolt  first  eliminates  all  slack  in  the  mechanism.  Note 
this  position  of  the  loading  bolt  and  measure  the  distance 
bet>^n  the  loading  bars  at  each  end  to  ensure  that  the  same 
starting  point  is  used  for  each  loading.  Stress  levels  arc  then 
indicated  as  a  percentage  of  the  average  number  of  turns 
required  to  cause  failure  in  the  calibration  process. 

8.1.4  Type  7</— Place  the  specimen  under  a  sustained 
load  and  using  a  loading  bolt  oriented  across  the  diameter  of 
the  specimen  opposite  the  notch  as  shown  in  Fig.  4. 
Determine  the  average  diameter  of  the  notched  C-ring  at 
fracture  with  unexposed  ^ceimens  (sec  Table  1)  with  the 


TABLE  2  Lot  Acceptance  Criteria  for  Notched  Bpecimene 


Type 


Property 


SempBng  oT  Each  Lot 


la.  lb.  1c.  Id 

HardnaM^ 

6X 

la.  1b.  10.  Id 

Notohad  surface  qualty^ 

10  X 

la.  1b 

Oknenalone 

100X 

la,  1b 

Cracks 

100  X 

la.  1b 

Notchsd  tonsle  load 

10  specimens 

1c 

Notohad  bend  toad 

10  specimens 

Id 

&Rlng  band  load 

10  specimens 

Requifoment/Mathod 


Between  51HRC  and  54HRC,  Test  Methods  E  18. 

No  grinding  bume  or  unternpered  martensite  (discoioration  method  or  nital  etch  Methods 
E  3,  E  407). 

MaeltalWBncMOtoonrMpondingIc,  Id  Hgim.  Notch  cbitmlon  vwiM  wHh 
shadowaraohic  Pfoloctton  at  SOk— lOQx. 

Nondestructive  tests — No  ersdes  1c,  Id  permitted  In  eny  location.  Magnetic  partlds 
Inspection  according  to  Quid#  E  709. 

NTS  of  each  specimen  must  bo  within  69  MPa  (10  ksl)  of  the  average. 

Number  of  turns  of  the  bating  bolt  to  produce  failure  In  each  specimen  must  be  within 
5  peroanl  of  the  average. 

Tha  change  in  diameter  at  lalure  ter  each  specimen  must  be  within  0.13  ii*n  (0.005  In J 
of  the  avenge. 
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FIQ.  7  Protwiiv*  CoUar  bMtailaUon  on  Typo  1b  Tost  Spoobnons 
and  Stresaing  Ring 


loadii^  device  in  Rg.  9  or  an  equivalent  method  Stress 
fcvds  are  indicated  as  percentages  of  the  change  in  diameter 
required  to  fiactuie  the  specimens. 

8.1.5  Type  2a— The  spedmen  loading  oonflguration  in- 
volyes  the  insertion  of  an  oversized  stressing  bar  into  an 
0-nng,  the  dimension  of  the  specimens  are  shown  in  Fig.  5, 
while  the  0-ting  is  compressed  in  a  vise.  The  stressing  bare 
are  ma^  in  accordance  with  Fig.  10.  The  vise  jaws  should  be 
&c^  with  nonmaiting  material  such  as  aluminum  or  rubber 
having  a  60-shore  A  durometer  hardness. 

8.2  Maintenance  Chemicals: 

8.2.1  Test  liquids  in  the  concentrated  condition  and  also 


XX  t2JiHn(.1kq 
XJ0(  iSSnmtOllnJ 
XJcoc  OXS1  iiMi(ooekq 

n&  8  Nmonoloiisl  Rociuirainonts  ol  TVpo  1e  Leading  Bending 

Boro 


FI6.  8  Device  for  Measuring  Deflection  During  Slraoolng  of  TVpe 

Id  C-RIng  Bond  Speclmons 

at  the  maximum  dilution  at  which  the  liquid  maintenance 
chemicals  can  be  used. 

8.2.2  Test  solids  in  the  saturated  condition  and  also  at  the 
minimum  suggested  concentration  at  which  the  dissolved 
solid  maintenance  chemicals  can  be  used. 

8.2.3  Conduct  all  tests  at  20  to  30*C  (68  to  86*F)  or  the 
operating  service  temperature  of  the  maintenance  chemicals 
and  not  exceed  66*C  (150*F). 

8.2.4  Decease  specimens  and  dry  abrasive  blast  with 

alumina.  Rinse  the  cleaned  specimens  ftee  of  abrasive  with 
tap  water,  and  while  wet,  immediately  electroplate  the  speci¬ 
mens  using  the  low-embrittlement  cadmium  cyanide  tmth 
(Treatment  B,  Table  1).  ^  >ac  cam 

8.2.5  Rinse  cadmium-electroplated  specimens  in  tap 
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water  and  then  rinse  by  immersing  and  swirling  for  15  s  in  a 
solution  with  a  concentration  equivalent  to  one  containing 
2J  kg  (5  lb)  of  chromic  acid  to  38  L  (10  gal)  of  water. 
Remove  the  chromic  acid  from  the  specimens  by  rinsing  in 
cold  tap  water  followed  by  hot  tap  water»  rinse,  and  dry. 
Place  the  cadmium-electroplated  specimens  in  an  oven  at 
191±  14*C(375  ±25*F)for23  h. 

8.2.6  Each  type  of  specimen  for  testing  maintenance  . 
chemicals  shall  be  loaded  and  then  exposed  as  follows: 

8.2.6. 1  Type  la — Assemble  a  minimum  of  three  test 
specimens  and  place  in  tension  (example  shown  in  Fig.  1 1). 
Load  specimens  to  45  %  of  the  notched  ultimate  tensile 
strength.  Fill  cups  with  the  test  solution  and  record  the  time 
to  &ilure  if  less  than  150  h.  The  test  may  be  discontinued 
after  150  h  (sec  1.4). 

8.2.6.2  7>pe  lb— A  minimum  of  three  test  specimens 
shall  be  loaded  to  55  %  of  the  notch  tensile  strength  as 
described  in  8.1.2  to  8. 1.2.3,  Figs.  6  and  7.  The  loading  rings 
shall  also  be  cadmium-electroplated  for  fluid  testing.  Put  the 
material  to  be  tested  into  a  dean  plastic  container,  place  the 
stressed  specimens  in  the  test  solution,  and  record  ^e  time  to 
&ilure  if  less  than  150  h.  The  test  may  be  discontinued  after 
150  h  (see  1.4). 

8.2.6.3  Type  Ic—hosd  a  minimum  of  three  specimens  to 
45  %  of  the  notched  bend  strength  as  described  in  8.1.3  and 
Fig.  8.  Put  800  mL  of  the  test  solution  into  a  dean  plastic 
container,  place  the  stressed  spedmens  in  the  test  solution, 
and  record  the  time  to  failure  if  less  than  150  h.  The  test  may 
be  discontinued  after  150  h  (see  1.4). 

8.2.6.4  Type  Load  a  minimum  of  three  test  sped¬ 
mens  to  65  %  of  the  notch  bend  strength  as  describ^  in 

8,1.4  and  Figs.  4  and  9.  The  loading  bolt  and  nut  shall  also 
be  cadmium  plated.  Put  the  maintenance  chemical  to  be 
tested  into  a  dean  plastic  container,  place  the  stressed 
spedmen  into  800  mL  of  the  test  solution,  and  record  the 
time  to  failure  if  less  than  150  h.  The  test  may  be  discon¬ 
tinued  after  ISO  h  (see  1.4). 

8.2.6.5  Type  2a — Stress  a  minimum  of  three  O-ring 
spedmens  to  a  deflection  of  2.9  mm  (0.115  in.)  using  a 
61.34-  mm  (2.415-in.)  cadmium-plated  stress  bar.  (See  8.1.5 
and  Fig.  10.)  Put  the  maintenance  chemical  to  be  tested  in  a 
proper  container,  immerse  the  stressed  O-ring  spedmens  in 
800  mL  of  the  maintenance  chemical  to  be  tested  immedi¬ 
ately  after  loading,  and  record  the  time  to  failure  if  it  is  less 
than  150  h.  The  test  may  be  discontinued  after  150  h. 


RQ.  11  Wet  Notch 


9.  Interpretation  of  Results 

9.1  P/n/zh^iVoceM— A  plating  process  shall  be  considered 
non-embrittling  if  the  cadmium  plated  specimens  do  not  fdl 
within  200  h  after  applying  the  following  loads: 

Type  I  (a,b,c,d)  tt  75  %  of  the  notch  tensile  load  or  bend  load. 

Type  2i  at  92  %  of  the  ultimate  tensile  load. 

9.2  Maintenance  Chemicals— A  cleaner,  paint  stripper,  or 
other  maintenance  chemical  shall  be  considered  non- 
embrittiing  if  all  spedmens  do  not  ftdl  within  150  h  after 
immersion  in  the  deaner  or  maintenance  chemical  being 
evaluated  at  the  following  loads: 

Type  la,  lo— 43  %  notch  tensik  loadA)^  lond. 

Type  ll>— 55  %  notch  teniUe  load/bend  load, 

Type  Id— 65  %  notch  bend  load. 

Type  2a-S0  «  of  0.2  %  offset  yieU  load. 

9.3  Failure  times  of  all  spedmen  types  can  be  visually 
detected  or  electronically  monitored  with  a  relay  switdi 
system. 

9.4  Acceptance/R^ection  Criterion: 

9.4.1  If  none  of  the  specimens  fracture  within  the  expo¬ 
sure  time,  the  material  or  process  shall  be  consido^ 
non-embrittling. 

9.4.2  If  only  one  of  a  minimum  of  three  spedmens 
fractures  within  the  exposure  time,  retest  the  material  or 
process  with  three  unused  specimens  and  if  no  fracture 
occurs  within  the  exposure  time,  the  material  or  process  shall 
be  considered  non-embrittling.  If  any  specimen  fractures 
during  retest,  the  material  or  process  shall  be  considered 
embrittling. 

9.4.3  As  an  alternative  for  Type  la  spedmens:  when  one 
of  a  minimum  of  three  specimens  fractures  in  less  than  200 
h,  continue  loading  the  remaining  two  spedmens.  Upon 
completion  of 200  h,  step  load  the  two  spedmens  every  hour 
in  5  %  increments  to  M  %  notch  tensile  loadA)end  load. 
Leave  samples  at  90  %  for  24  h.  This  information  can  be 
used  to  ev^uate  the  signifleanoe  of  the  single  failure. 

9.4.4  If  two  or  more  spedmens  fracture  within  the  expo¬ 
sure  time,  the  material  or  process  shall  be  considered'  as 
having  excessive  embrittling  characteristics. 

9.4.5  Another  retest  can  only  be  reconsidered  after  a 
metallurgical  examination  of  the  failed  ^cimens  indicates 
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tono  defect  Id  the  processing  of  the  specimens. 

10.  Report 

10.1  The  report  shall  provide  the  following  minimum 
information: 

10.1.1  The  type  and  number  of  the  spedmens  tested. 

10.1.2  A  de^ption  of  the  test  environment  (conpen- 
ttation,  temperature,  and  so  forth). 

10.  U  The  load  level  (percent  of  unexposed  value  notdied 
tensile  strength,  notch  b<md  strength,  change  in  diameter  or 


F519 

ultimate  tensile  strength,  yield  stiength). 

10.1.4  Results  (failure  or  exposure  time  under  load  in  the 
test  environments). 

11.  Precision  and  Bias 

11.1  The  accqitanoe  and  rejection  criteria  in  9.4  are  the 
judgments  for  precision,  and  may  vary  with  the  precision  on 
applied  stress  and  test  specimen  notch  geometry. 

1 1.2  ^  interiaboratory  study  has  not  been  made,  there* 
fore,  a  bias  statement  carmot  be  made  at  this 
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1.  Scope 

1.1  This  test  method  describes  the  procedure  used  to 
determine  the  effect  of  cleaners  on  unpainted  aiicrafl  sur¬ 
faces.  Visual  observation  is  used  for  determining  streaking  or 
permanent  stains  which  require  polishing  to  remove. 

1.2  This  standard  does  not  purport  to  address  all  of  the 
safety  problems^  {f  any,  associated  with  its  use.  Jt  is  the 
responsibility  of  the  user  of  this  standard  to  establish  appro- 
prime  sqfety  and  health  practices  and  determine  the  applica¬ 
bility  tf  regulatory  limitations  prior  to  use. 

2a  Signincance  and  Use 

2.1  This  test  method  is  used  to  ensure  that  candidate 
airoaft  surface  cleaners  do  not  leave  a  residue  which,  on 
drying,  would  leave  a  permanent  stain  requiring  polishing  to 
remove. 

3.  Referenced  Documents 

3.1  ASTAf  Standard: 

D 1 193  Specification  for  Reagent  Watcr^ 

3.2  Federal  Specification: 

QQ-A-250/13  Aluminum  Alloy,  Alclad  7075,  Plate  and 
Shcct^ 

3.3  Military  Specificatiorv 

MILrT-9046,  Type  HI,  Titanium  and  Titanium  Alloy 
Sheet,  Strip,  micl  Plaic^ 

4.  Test  Specimens 

4.1  Materials: 

4.1.1  Aluminum  7075-T6  Alclad  conforming  to  Federal 
Speafication  9Q-A-250/13. 

4.1.2  Titanium  Alloy  6AI4V  conforming  to  Military 
Specification  MIL-T-9046,  Type  III. 


Tbis  test  method  it  asder  juriidiction  of  ASTM  Committee  F-7  on 
Aero^joce  and  Airorift  eed  ii  the  direa  mponsibUiiy  oTSubcominiuee  R)7.07  on 
Quahficatioii  Tetting  of  Aiicraa  Octiung  Materials. 

puHished  at  F  485  -  76.  Last  previoai  edition  F  485  -  S3<2. 

^Amnut  Book  €f  ASTM  11.01. 


4.1.3  Reagent  IPh/er  conforming  to  Specification  D  1 193 
Type  IV. 

5.  Preporatioi  of  Test  Specimens 

5. 1  Prepare  two  panels,  each  2  by  6  by  0.020  in.  (or  50  by 
1 52  by  0-5 1  mm),  from  alclad  aluminum  and  titanium  alloy 
and  dean  them  with  methyl  ethyl  ketone  or  any  suitable 
chlorinated  solvent. 

5.1.1  When  using  a  chlorinated  solvent,  be  aware  that 
contamination  of  the  solvent  with  water  at  levels  of  300  to 
400  ppm  can  instigate  hydrdysis  which  will  produce  staining 
of  aluminum  panels. 

6.  Preparation  of  Test  Solution 

6.1  Make  the  solutions  of  the  cleaner  to  be  tested  in 
reagent  water  (see  4.1.3)  in  accordance  with  the  dilutions 
recommended  by  the  manufacturer. 

7.  Procedure 

7.1  Immerse  the  cleaned  test  specimens  for  3  to  5  min  in 
a  suflicient  quantity  of  the  deaning  solution  to  cover 
approximately  one  half  of  the  panel.  After  removing  from 
the  test  solution,  immediately  place  the  panels  at  45*  from 
the  horizontal  in  a  mechanical  convection  oven  maintained 
^  150  ±  5T  (65.5  ±  2*0  for  30  min.  At  the  end  of  the 
30-min  period,  remove  the  panels  from  the  oven,  cool  to 
room  temperature,  rinse  on  each  side  within  15  min  under 
running  tap  water  for  1  min  without  using  mechanical  agita¬ 
tion,  then  rinse  on  each  side  with  distilled  or  deionized  water 
from  a  squeeze  bottle  for  15  $  and  allow  to  air  dry  for  30  min. 
Visually  examine  and  compare  the  treated  and  untreated 
areas  of  the  panels  for  the  presence  of  residue  or  stains. 

8.  Report 

8.1  Rep(Ml  the  following: 

8.1.1  The  appearance  ofthe  panel  after  completion  or  the 

test,  and 

8.1.2  Tic  concratratioo  at  which  the  test  was  performed 
and  the  fluent  wiA  which  the  cleaner  was  mixed,  if  other 
than  distilled  or  deionized  water  (see  4.1.3). 

9.  Precision  and  Bias 

9.1  committee  F-7  has  no  plans  to  establish  a  Precision 
and  Bias  statement  for  this  test  method. 
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Standard  Practice  for 

Making  and  Using  U-Bend  Stress-Corrosion  Test  Specimens'* 

This  sttedaid  U  imied  under  the  Axed  desigiiation  G  30;  the  namber  immediAtely  following  the  detigfiiUon  indicates  the  year  of 
original  adoption  or,  in  the  case  of  levision,  the  year  oThst  revision.  A  number  in  paienthcses  indicates  the  year  of  last  leapprova).  A 
superscript  epsilon  (i)  indicates  an  editorial  change  since  the  last  revision  or  icapprovaL 


<1 


Designation:  G  30  -  94 


1.  Scope 

1.1  This  practice  describes  procedures  for  making  and 
usiitg  U-bend  specimens  for  the  evaluation  of  stress-cor¬ 
rosion  cracking  in  metals.  The  U-bend  specimen  is  generally 
a  rectangular  strip  which  is  bent  180*  around  a  predeter¬ 
mined  radius  and  maintained  in  this  constant  strain  condi¬ 
tion  during  the  stress-corrosion  test.  Bends  slightly  less  than 
or  greater  than  180*  arc  sometimes  used.  Typical  U-bend 
configurations  showing  several  different  methods  of  main¬ 
taining  the  applied  stress  are  shown  In  Fig.  1. 

1.2  U-bend  Qiecimens  usually  contain  both  elastic  and 
plastic  strain.  In  some  cases  (for  example^  very  thin  sheet  or 
small  diameter  wire)  it  is  possible  to  form  a  U-bend  and 
produce  only  elastic  strain.  However,  bent-beam  (Practice 
G  39  or  direct  tension  (Practice  G  49))  specimens  are  nor¬ 
mally  used  to  study  stress-corrosion  cracking  of  strip  or  sheet 
under  elastic  strain  only. 

1.3  This  practice  is  concerned  only  with  the  test  specimen 
and  not  the  environmental  aspects  of  stress-corrosion  testing 
which  are  discussed  elsewhere  (1),^  in  Practices  G  35,  G  36, 
G  37,  G  41,  and  G  44,  and  Test  Method  G  103. 

1.4  The  values  stated  in  SI  units  are  to  be  regarded  as 
standard.  The  inch-pound  units  in  parentheses  are  provided 
for  information. 

1.5  This  standard  does  not  purport  to  address  all  cf  the 
sctfeiy  concerns,  if  any,  associated  with  its  use.  It  b  the 
responsibility  of  the  user  of  this  standard  to  establish  appro- 
priate  safety  and  health  practices  and  determine  the  applica- 
hility  of  regulatory  limitations  prior  to  use,  (For  more  specific 
safety  hazard  information  see  Section  9.) 

2.  Referenced  Documents 

2.1  ASTAf  Standards: 

G1  Practice  for  Preparing,  Qeaning,  and  Evaluating 
Corrosion  Test  Specimens^ 

G35  Practice  for  l>etennining  the  Susceptibility  of  Stain¬ 
less  Steels  and  Related  Nickel-Chromium-Iron  Alloys  to 
Suess  Cmrosion  Cracking  in  Polythionic  Acids^ 

G36  Practice  for  Performing  Str^s-COrrosion  Cracking 
Tests  in  a  Boiling  Magnesium  Chloride  Solution^ 

G  37  Practice  for  Use  of  Mattsson's  Solution  of  pH  7.2  to 
Evaluate  the  Stress-Corrosion  Cracking  Susceptibility  of 
Copper-Zinc  Alloys^ 


*  This  pracUoe  ii  vmlcrlhe  juriidiclian  of  ASTM  CommilteeG-l  onCocnisaoA 
of  Metib  And  ii  the  direct  iea>onciblliiy  of  Subcommitiee  GOinS  oa  Sutu^ 
CorroBon  Clicking  ind  Cbnosbi  Fatigue. 

Current  edition  Approved  BU).  15.  1994.  Published  April  1994.  Originiliy 
pubtisbed  AS G  30-  72.  Last  prevbue edition C  30- 90. 

^Tbe  boldfooe  numbeis  in  ptrenibeses  refer  to  the  list  of  refetenoei ml  the  end 
of  this  pTACtioe. 

’  Amual  Beak  of  ASTH  Sumdanb,  Vol  03i)2. 


G39  Practice  for  Preparation  and  Use  of  Bent-Beam 
Stress^Torrosion  Specimens^ 

G41  Practice  for  Determining  Cracking  Susceptibility  of 
Metals  Exposed  Under  Stress  to  a  Hot  Salt 
Environment^ 

G44  Practice  for  Evaluating  Stress  Corrosion  Cracking 
Resistance  of  Metals  and  Alloys  by  Alternate  Immersion 
in  3.5  %  Sodium  Chloride  Solution^ 

G49  Practice  for  Preparation  and  Use  of  Direct  Tension 
Stress-Corrosion  Test  Specimens^ 

G  103  Test  Method  for  Performing  a  Stress-Corrosion 
Cracking  Test  of  Low  Copper  Containing  Al-Zn-Mg 
Alloys  in  Boiling  6  %  Sodium  Chloride  Solution’ 

3.  Summary  of  Practice 

3. 1  This  practice  involves  the  stressing  of  a  specimen  bent 
to  a  U  shape.  The  applied  strain  is  estimated  from  the  bend 
conditions.  The  stres^  specimens  are  then  exposed  to  the 
test  environment  and  the  time  required  for  craclu  to  develop 
is  determined.  This  cracking  time  is  used  as  an  estimate  of 
the  stress  corrosion  resistance  of  the  material  in  the  test 
environment 

4.  Significaiice  and  Use 

4. 1  The  U-bend  specimen  may  be  used  for  any  metal  alloy 
sufliciently  ductile  to  be  formed  into  the  U-shape  without 
mechanically  cracking.  The  specimen  is  most  easily  made 
from  strip  or  sheet  but  can  he  machined  from  plate,  bar, 
castings,  or  weldments;  wire  specimens  may  be  used  also. 

4.2  Since  the  U-bend  usually  contains  large  amounts  of 
elastic  and  plastic  strain,  it  provides  one  of  the  most  severe 
tests  available  for  smooth  (as  opposed  to  notched  or  prt- 
cracked)  stiess-corxosbn  test  spmmens.  The  stress  conditions 
am  not  usually  known  and  a  wide  range  of  stresses  exist  in  a 
single  stressed  spedmea  The  specimen  is  therefore  unsuit¬ 
able  for  studying  the  eflects  of  diflerent  applied  stresses  on 
stress-corrosion  cracking  or  for  studying  variables  which 
have  only  a  minor  effect  on  cracking.  The  advantage  of  the 
U-bend  specimen  is  that  it  is  simple  and  economical  to  make 
and  use.  It  is  most  useful  for  detecting  large  differences 
between  the  stress-corrosion  cracking  resistance  of  (I)  dif¬ 
ferent  metals  in  the  same  enviromnent,  (2)  one  me^  in 
different  metalluigical  conditions  in  the  same  environment, 
or  (J)  one  metal  in  several  environments. 

5.  Test  Specimen 

5.1  Specimen  Orientation^y/hen  specimens  are  cut  from 
sheet  or  plate  and  in  some  cases  strip  or  bar,  it  is  possible  to 
cut  them  transverse  or  longitudinal  to  the  direction  of 
rolling.  In  many  cases  the  stress-corrosion  cracking  resistance 
in  these  two  directions  is  quite  different  so  it  is  important  to 
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Typical  Sirasaad  U-bands 
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Fia  2  Typical  U-Band  Spadaian  Dimantlona  (Ezampiaa  only,  not  for  opacification.) 


C-24 


Copyright  by  the  tteiCW  SOCIEIY  FDR  TESTING  I  mTERIAlS 
Ued  Jen  07  00:35:S9  1996 


Asrn  G3Q  ■  DTs^isio  osaRiss  Taw  ■ 

#  6  30 


define  the  orientation  of  the  test  specimen. 

5.2  Specimen  Dimensions— Fxgym  2  shows  a  typical  test 
specimen  and  lists,  by  way  of  example,  several  dimension 
combinations  that  have  been  used  succe^uUy  to  test  a  wide 
range  of  materials.  Other  dimensional  characteristics  may  be 
used  as  necessary.  For  example,  some  special  types  of 
U-bend  configuration  have  been  used  for  simulating  expo¬ 
sure  conditions  encountered  in  high  temperature  water 
environments  relative  to  the  nuclear  power  industiy.  These 
include  double  U<^nd  (2)  and  split  tube  Unbend  (or  reverse 
U-bend)  (3)  specimens. 

5.2.1  Whether  or  not  the  specimen  contains  holes  is 
iepctidtnX  upon  the  method  of  maintaining  the  applied 
stress  (see  Fig.  i). 

5.2.2  The  length  (L)  and  width  (fV)  of  the  spedmen  are 
determined  by  the  amount  and  form  of  the  material  avail¬ 
able,  the  stressing  method  used,  and  the  size  of  the  test 
environment  container. 

5.2.3  The  thickness  (T)  is  usually  dependent  upon  the 
form  of  the  material,  its  strength  and  ductility,  and  the 
means  availal^e  to  perform  the  bending.  For  example,  it  is 
dilTicuit  to  manually  form  U-bends  of  thickness  greater  than 
approximately  3  mm  (0. 125  in.)  if  the  yield  strength  exceeds 
about  1379  MPa  (200  ksi). 

5.2.4  For  comparison  purposes,  it  is  desirable  to  keep  the 
specimen  dimensions,  especially  the  ratio  of  thickness  to 
bend  radius,  constant.  Tliis  produces  approximately  the 
same  maximum  strain  in  the  materials  being  compared  (see 
7.3).  However,  it  does  not  necessarily  provide  tests  of  equal 
severity  if  the  mechanical  properties  of  the  materials  being 
compared  are  widely  different. 

5.L5  When  wire  is  to  be  evaluated,  the  specimen  is  simply 
a  wire  of  a  length  suitable  for  the  restraining  jig.  It  may  be 
desirable  to  k^p  the  wire  rather  than  use  just  a  simple 
U*shape  (4). 

5.3  Surface  Finish: 

5.3.1  Any  necessary  heat  treatment  should  be  performed 
before  the  final  surface  preparation. 

5.3.2  Surface  preparation  is  generally  a  mechanical  pro¬ 
cess  but  in  some  cases  it  may  be  more  convenient  and 
acceptable  to  chemically  finish  (see  5.3.4). 

5.3.3  Grinding  or  machining  should  be  done  in  stages  so 
that  the  final  cut  leaves  the  surface  with  a  finish  of  762  nm 
(30  pn.)  or  better.  Care  must  be  taken  to  avoid  excessive 
heating  during  preparation  because  this  may  induce  undesir- 
al^  residual  stresses  and  in  some  cases  cause  metalluigical 
or  chemical  changes,  or  both,  at  the  surface.  The  edges  of  the 
qxcimen  should  receive  the  same  finish  as  the  faces. 

5.3.4  When  the  final  surface  preparation  involves  chem¬ 
ical  dissolution,  care  must  be  taken  to  ensure  that  the 
solution  used  does  not  induce  hydrogen  embrittlement, 
selectively  atuck  constituents  in  the  metal,  or  leave  undesir¬ 
able  residues  on  the  surface. 

5.3.5  It  may  be  desirable  to  test  a  surface  (for  example, 
cold  rolled  or  cold  idled,  annealed,  and  pickled)  without 
surface  metal  removal.  In  such  cases  the  edges  of  the 
q)ecimen  should  be  milled.  Sheared  edges  should  be  avoided. 

5.3.6  The  final  stage  of  surface  preparation  is  degreasing. 
Depending  upon  the  method  of  stressing,  this  may  be  done 
before  or  after  stressing. 

5.4  Identification  of  the  specimen  is  best  achieved  by 


stamping  or  scribing  near  one  of  the  ends  of  the  test 
specimen,  well  away  from  the  area  to  be  stressed.  Alterna¬ 
tively,  nonmetallic  tags  may  be  attached  to  the  bolt  or  fixture 
used  to  maintain  the  specimen  in  a  stressed  condition  during 
the  test. 

6.  Sampling 

6.1  Specimens  shall  be  taken  from  a  location  in  the  bulk 
sample  so  that  they  are  representative  of  the  material  to  be 
tested;  however,  the  bulk  sampling  of  mill  products  is  outside 
the  scope  of  this  standard. 

6.2  In  performing  tests  to  simulate  a  service  condition  it  is 
essential  that  the  thickness  of  the  test  specimen,  its  orienta¬ 
tion  with  respect  to  the  direction  of  metal  working  and  the 
surface  finish,  etc.,  be  relevant  to  the  anticipated  application. 

7.  Stress  Consideratiou 

7.1  The  stress  of  principal  interest  in  the  U-bend  spec¬ 
imen  is  dreumferentiid.  It  is  nonuniform  because  (/)  there  is 
a  stress  gradicDt  through  the  thickness  varying  from  a 
maximum  tension  on  die  outer  surface  to  a  maximum 
compression  on  the  inner  surface,  (2)  the  stress  varies  from 
zero  at  the  ends  of  the  specimen  to  a  maximum  at  the  center 
of  the  bend,  and  (3)  stress  may  vary  across  the  width  of 
the  bend.  The  stress  distribution  has  been  studied  (5). 

7.2  When  a  U-bend  specimen  is  stressed,  the  materia!  in 
the  outer  fibers  of  the  bend  is  strained  into  the  plastic  portion 
of  the  true  stress-true  strain  curve;  for  example,  into  Section 
AB  in  Fl^  3(a).  Figures  3(fr-e)  show  several  stress-strain 
relationships  that  can  exist  in  the  outer  fibers  of  the  U-bend 
test  specimen;  the  actual  relationdiip  obtained  wUl  depend 
upon  the  method  of  stressing  (see  Section  8).  For  die 
conditions  shown  in  Fig.  3(^),  a  quantitative  measure  of  the 
maximum  test  stress  can  be  made  (6). 

7.3  The  total  strain  (c)  on  the  outside  of  the  bend  can  be 
closely  approximated  to  the  equation: 

c«r/21twhen  TcB 

where: 

T  ••  spedmen  thickness,  and 
R  radius  of  bend  curvature. 

8.  Stressing  the  Spedmen 

8.1  Stressing  is  usually  achieved  by  dther  a  one-  or  a 
two-stage  operation. 

8.2  Singl^stage  stressiog  is  accomplished  by  bending  the 
spedmen  into  shape  and  maintaining  it  in  that  shape 
without  allowing  relaxation  of  the  tensile  elastic  strain. 
Typical  stressing  sequences  are  shown  in  Fig.  4.  The  method 
shown  in  Fig.  4(a)  may  be  performed  in  a  tension  testing 
machine  and  is  often  the  most  suitable  method  for  stressing 
U-bends  that -are  diflicult  to  form  manually  due  to  large 
thicknctt  or  high-strength  material  or  both.  The  techniques 
shown  in  Fig.  4(6  and  c)  may  be  suitable  for  thin  or 
low-strength  material,  or  both,  but  arc  generally  inferior  to 
the  method  ^own  in  Fig.  4(a).  The  method  shown  in  Fig. 
4(6)  results  in  a  more  complex  strain  system  in  the  outer 
surface, and  may  cause  scratching.  The  technique  shown  in 
Fig.  4(c)  suffen  from  greater  lack  of  control  of  the  bend 
radius.  The  two  types  of  stress  conditions  that  can  be 
obtained  by  the  sin^e-stage  stressing  method  are  defined  by 
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point  X  in  Fig.  3(6  and  c).  In  the  latter  case,  some  elastic 
strain  relaxation  ^  oocunred  as  a  result  of  allowing  the 
U>bend  legs  to  spring  back  slightly  at  the  end  of  the  stressing 
sequence. 

^  8.3  Two-stage  stressing  involves  first  forming  the  approx¬ 
imate  U-shape.  then  allowing  the  elastic  strain  to  relax 
comidetely  before  the  second  stage  of  applying  the  test  stress. 
A  typi^  sequence  of  operations  is  shown  in  Fig.  5.  The  type 
of  equipment  shown  in  Fig.  A(a  and  b)  can  also  be  to 
preform  the  U-shape.  The  test  strain  an>lied  may  be  a 
percent^  of  the  tensile  elastic  strain  that  occurred 
preforming  (Fig.  3(</))  or  may  involve  additional 
strain  (Fig.  3(e)). 

8.4  TTie  slope,  Mff,  of  the  curve  shown  in  Fig.  3(</)  is 
step  (equal  to  Young's  modulus).  Therefore,  it  is  often 
diificult  to  leprodudbly  api^y  a  constant  percentage  of  the 
total  elastic  prestrain  and  there  is  a  danger  of  leaving  the 
toecimen  surface  under  compressive  stress.  For  this  reason 
and  also  brause  it  results  in  a  more  severe  test  (that  is, 
higher  applied  stressX  it  is  recommended  that  the  stress 
auditions  shown  in  F^.  3(b  or  e)  be  achieved.  Hence,  the 
final  api^te  strain  prior  to  testing  consists  of  plastic  and 
elastic  stran.  To  achieve  the  conditions  shown  in  Fig.  3(6 
and  e),  it  is  necessary  (7)  to  avoid  prestraining  a  greater 
ammint  than  the  final  test  strain  and  (^)  to  avoid 

totingbadc”  of  the  U-bend  legs  after  adiieving  the  final 
iriastic  strain. 

8.5  The  bolt  or  restraining  jig  used  to  maintain  the  stress 
should  be  insulated  ft’om  the  test  specimen  to  avoid  galvanic 
corrosion  ellects.  The  insulators  should  have  mechanical 


strength  adequate  to  stand  the  stressing  pressure,  should  riot 
creep  significantly  during  the  test,  and  should  be  inert  to  the 
test  environment  In  some  cases  the  use  of  insulators  can  be 
avoided  by  using  a  restraining  jig  made  firom  a  metal  similar 
or  the  same  as  that  bang  tested,  provided  it  does  not  fai!  by 
stress-corrosion  cracking  in  the  test  environment 

8.6  Some  tests  require  that  the  U-bend  qiedmen  fit 
^ugh  a  45/50  ground  glass  joint  for  exposure  in  an 
Erlenmeyer  flask.  Examples  a,  e  and  perhaps  d  fiom  Fig.  2 
will  accomplish  this,  assuming  any  insulator  between  the 
specinien  and  fiutener  is  not  too  large.  Larger  insulators  can 
be  desirable  so  that  a  ceramic  material  (does  not  allow  stress 
taxation  by  compression  during  the  test)  can  be  used 
without  breaking.  Example  h  in  Fig.  2  provides  a  U-bend 
which  can  be  bent  around  a  9.6  mm  (0.375  in.) 
mudrel  as  in  Fig.  4a.  This  specimen  can  then  be  stressed 
!IfP|  “**?^.*^  insulators  (which  fit  into  9.6  mm 

(0.375  m.)  diameter  holes)  and  inserted  through  a  45/50 
ground  glass  joint  This  specimen  is  fitoricated  to  provide 
pla^  and  elastic  strain  ^xidtion  of  X  as  shown  in  Figs.  3b 
or  3c)  as  follows. 


8.6.1  Set  the  ^  In  the  die  at  the  marulrel  diairiftfr  (9.6 
rom  or  0.0375  in.)  plus  two  times  the  sample  thickness. 
Mark  the  centerline  on  the  sample  to  aid  in  aiipning 
i.62  First  depress  the  mandrel  (hydraulic)  until  the  apex 
of  tlu  U-tend  IS  appraximately  level  with  the  bottom  of  the 
the.  ^nteue  stressing  until  the  legs  of  the  U-bend  are  nearhr 
^rollel.  Firul  stressiiig  is  preferably  done  with  the  fastener. 
The  sample  may  be  stressed  in  the  die  or  it  may  be  removed 
and  re-stressed  outside  the  die. 
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8.6.3  Insert  the  stressing  fastener.  Use  ceramic  insulators 
(zirconia  or  other  non-compressible,  corrosion  resistant, 
non-conductive  material).  Flat  washers  should  be  used 
between  the  ceramic  insulator  and  fastener  to  extend  the  life 
of  the  insulator.  The  bolt,  nut  and  flat  washer  must  resist 
corrosion  in  the  test  environment  UNS  N10276  is  useful  in 
many  environments,  although  other  materials  are  superior  in 
more  highly  oxidizing  environments. 

8.6.4  Stress  the  U4tend  so  that  the  1^  art  parallel,  that  is, 
the  U-bend  is  more  severely  bent  than  it  was  due  to  the  die 
pressure. 

9.  Hazards 

9.1  U-bends  made  from  high  strength  material  may  be 
susceptible  to  high  rates  of  crack  propagation  and  a  specimen 
containing  more  than  one  crack  may  ^linter  into  two  or 
more  pieces.  Due  to  the  highly  stressed  condition  in  a 
U-bend  specimen,  these  pieces  may  leave  the  specimen  at 
high  velocity  and  can  be  dangerous. 

10.  Exposure  of  the  Test  Specimen 

10.1  Prior  to  exposure  the  stressed  specimen  should  be 
degreased  in  a  solution  known  to  be  chemically  inert  to  the 
metal  being  tested.  In  some  cases,  it  may  be  more  convenient 
and  satisfactory  to  degrease  prior  to  stressing.  After 
degreasing,  the  q)ecimens  should  be  handled  with  clean 
gloves  or  tongs. 

10.2  The  stressed  specimen  should  be  examined  for  me¬ 
chanical  cracking  prior  to  testing.  A  similar  or  more  stringent 
inspection  technique  to  that  which  will  be  used  in  the 
subsequent  test  should  be  applied.  For  example,  if  test 
specimens  will  be  examined  at  20x  during  the  test,  then  they 
should  be  inspected  at  20x  or  higher  magnification  prior  to 
testing,  to  confirm  the  absence  of  cracks. 

10.3  As  soon  as  possiUe  after  degreasing,  stressing,  and 
in^;)ecting  the  specimen  should  be  put  in  test.  Periodic 
checks  should  be  made  to  ensure  that  the  stress  is  not  grossly 
relieved  during  the  test.  The  latter  most  commonly  occurs  as 
a  result  of  poor  material  selection  in  the  restraining  jig, 
insulators,  etc.,  and  can  be  corrected  by  redesign. 

11.  inspectiem 

11.1  Determination  ofcracking  time  is  a  subjective  proce¬ 
dure  involving  visual  examination  that  under  some  condi¬ 
tions  can  be  very  difficult,  as  noted  in  11.4  to  11.6,  and 
depends  on  the  skill  and  experience  of  the  inspector. 

1 1.2  Examination  procedures  will  depend  upon  conve¬ 
nience  and  the  purpose  of  the  test.  In  most  laboratory  tests,  it 
is  convenient  and  satis&ctory  to  remove  specimens  from  ibc 
environment  (with  dean  gloves  or  tongs)  and  examine  with 
the  naked  eye  or  at  low  magnification,  for  example,  20x  (see 
9.1).  After  inspection  for  cracks,  the  specimens  can  then  be 
returned  to  the  test.  When  worldng  with  a  new  system,  it  is 
advisable  to  confirm  that  this  removal  during  the  test  does 
not  influence  the  stress-corrosion  cracking  susceptibility.  If 
the  aim  of  the  test  is  solely  to  determine  whether  the 


specimen  can  be  made  to  crack,  it  is  quite  common  prac¬ 
tice  to  draw  the  legs  of  the  U-bend  together  after  a  pi^eter- 
mined  time  in  test  and  then  return  it  to  the  test  media. 

11.3  Alternative  methods  are  to  view  the  specimen 
through  the  test  chamber  or  to  remove  samples  at  intervals 
during  the  test  but  not  return  them  to  the  test  chamber.  The 
latter  is  suitable  if  one  wishes  to  detect  cracking  on  a 
microscopic  scale  because  sections  from  each  U-bend  can  be 
metallographically  examined. 

11.4  Corrosion  products  may  obscure  cracking.  Tech¬ 
niques  for  cleaning  spedmens  are  discussed  in  Practice  G  1. 
Cleaned  specimens  should  not  be  returned  to  test  unless  it  is 
the  intention  of  the  test  to  evaluate  this  variable.  If  chemical 
deaning  techniques  are  used,  then  a  stressed,  dean,  crack- 
free  spedmen  should  be  given  the  same  cleaning  cycle  to 
confirm  that  the  deaning  agent  docs  not  itself  cause 
cracking. 

11.5  If  specimens  inspected  at  low  magnification  on 
completion  of  the  test  show  no  cracking,  it  is  advisable  to 
examine  metallographically  at  higher  magnificatioDS,  for 
example,  500x.  Overstressing  the  bend  to  open  up  any 
cracks  may  aid  inspection  provided  a  control  sample,  which 
has  not  l^n  stress-oorrosion  tested,  can  be  overstressed 
without  cracking. 

1 1.6  Removal  of  the  applied  stress  and  comparison  of  the 
amount  of  relaxation  in  the  tested  versus  an  unexposed 
specimen  can  also  be  used  to  detect  and  measure  the  progress 
of  cracking  (7).  If  this  method  is  used,  then  the  specimen 
should  be  inspected  to  ensure  that  the  loss  of  rda^tion  is 
due  to  crack  propagation  and  not  to  general  corrosion  or 
pitting. 

11.7  Fracture  of  specimens  of  relatively  notch-sedsitive 
materials  can  occur  as  a  result  of  pitting  corrosion  and 
consequent  mechanical  fracture.  Careful  examination  or 
fracto^phy,  or  both,  should  be  used  to  eliminate  from 
evaluation  any  failures  that  did  not  result  from  stras- 
coirosion  cracking. 

12.  Reporting 

12.1  The  time  at  which  cracks  are  visible  at  a  stated 
magnification  should  be  reported.  The  specimens  may  re¬ 
main  in  test  after  cracks  have  initiated  and  oack  depths  can 
be  measured  metallographically  after  a  predetermined  time 
in  test. 

12.2  When  several  spedmens  are  tested  it  may  be  more 
meaningful  to  report  the  percentage  cracked. 

12.3  The  orientation  of  the  spedmen  (for  example,  trans¬ 
verse  or  longitudinal  to  the  rolling  direction),  the  dimensions 
of  the  stressed  U-bend,  its  surface  finish  method  of  deaning, 
and  the  method  of  stressing  should  be  reported  in  addition  to 
complete  details  concerning  the  material  and  test  eo^ron- 
meat. 

13.  Keywords 

13.1  plastic  strain;  stress  corrosion  cracking  stress-cor¬ 
rosion  test  spedmtn]  U-bends 
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Standard  Practice  for 

Making  and  Using  C-Ring  Stress*Corrosion  Test  Specimens'* 
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1.  Scope 

1.1  This  practice  describes  the  essential  features  of  the 
^gn  and  machining^  and  procedures  for  stressing,  expos¬ 
ing,  and  inspectii^  C-ring  type  of  stress-corrosion  test  speci¬ 
mens.  An  analysis  is  given  of  the  state  and  distribution  of 
stress  in  the  C-ring, 

1.2  Specific  considerations  relating  to  the  sampling  pro¬ 
cess  and  to  the  selection  of  appropriate  test  environments  are 
outside  the  scope  of  this  practice. 

1.3  The  values  stated  in  SI  units  are  to  be  regarded  as 
standard.  The  inch-pound  units  are  provided  for  information. 

1.4  This  standard  does  not  purport  to  address  all  of  the 
sqleiy  concerns,  if  any,  associated  with  its  use.  It  is  the 
responsibility  of  the  user  of  this  standard  to  establish  appro¬ 
priate  sttfety  and  health  practices  and  determine  the  applica¬ 
bility  of  re^atory  limitations  prior  to  use. 

2.  Summary  of  Practice 

2.1  This  practice  involves  the  preparation  of  and  the 
quantitative  stressing  of  a  C-ring  stress-corrosion  test  spec¬ 
imen  by  application  of  a  bending  load.  Characteristics  of  the 
stress  system  and  the  distribution  of  stresses  are  discussed. 
Guidance  is  given  for  methods  of  exposure  and  inspection. 

3.  Significance  and  Use 

3.1  The  C-ring  is  a  versatile,  economical  specimen  for 
quantitatively  determining  the  susceptibility  to  stress-cor¬ 
rosion  cracking  of  all  types  of  alloys  in  a  wide  variety  of 
product  forms.  It  is  particularly  suitable  for  making  trans¬ 
verse  tests  of  tubing  and  rod  and  for  making  short-transverse 
tests  of  various  products  as  illustrated  for  plate  in  Fig.  1. 

4.  Sampllag 

4.1  Test  specimens  shall  be  taken  from  a  location  and 
with  an  orientation  so  that  they  adequately  represent  the 
material  to  be  tested. 

4.2  In  testing  thick  sections  that  have  a  directional  grain 
structure,  it  is  essential  that  the  C-ring  be  oriented  in  the 
section  so  that  die  direction  of  principal  stress  (parallel  to  the 
stressing  bolt)  is  in  tl^  direction  of  minimum  resistance  to 
stress-corrosion  cracking.  For  example,  in  the  case  of  alumi- 
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num  alloys  (1),^  this  is  the  short-transverse  direction  relative 
to  the  grain  structure.  If  the  ring  is  not  so  oriented  it  will  tend 
to  crack  off-center  at  a  location  where  the  stress  is  unknown. 

5.  Specimen  Design 

5. 1  Sizes  for  C-rings  may  be  varied  over  a  wide  range,  but 
C-rings  with  an  outside  diameter  less  than  about  16  mm 
in.)  are  not  recommended  because  of  increased  difTicuhies  in 
machining  and  decreased  precision  in  stressing.  The  dimen¬ 
sions  of  the  ring  can  affect  the  stress  state,  and  these 
considerations  are  discussed  in  Section  6.  A  typical  shop 
drawing  for  the  manufacture  of  a  C-ring  is  shown  in  Fig.  2. 

6.  Stress  Considerations 

6. 1  The  stress  of  principal  interest  in  the  C-ring  specimen 
is  the  drcumferential  stress.  It  should  be  recognized  that  this 
stress  is  not  uniform  (2, 3).  First,  there  is  a  gradient  through 
the  thickness,  varying  from  a  maximum  tension  on  one 
surface  to  a  maximum  compression  on  the  opposite  surface. 
Secondly,  the  stress  varies  around  the  circumference  of  the 
C-ring  from  zero  at  each  bolt  hole  to  a  maximum  at  the 
middle  of  the  arc  opposite  the  stressing  bolt;  the  nominal 
stress  is  present  only  along  a  line  across  the  ring  at  the  middle 
of  the  arc.  Thus,  when  the  specimen  is  stressed  by  measuring 
the  strain  on  the  tension  surface  of  the  C-ring,  the  strain  gage 
should  be  positioned  at  the  middle  of  the  arc  in  order  to 
indicate  the  maximum  strain.  Thirdly,  the  circumferential 
stiw  may  vary  across  the  width  of  the  ring,  the  extent  of  the 
variation  depending  on  the  width-to-thickness  and  diameter- 
to-thickness  ratios  of  the  C-rin^  In  general,  when  loaded  as 
shown  in  Rg.  3  (a,  fc),  the  tensile  stress  on  the  outer  surface 
will  be  greater  at  the  extreme  edge  than  at  the  center,  while 
when  loaded  as  shown  in  Fig.  3  (c),  the  tensile  stress  on  the 
inner  surface  will  be  less  at  the  edge  than  at  the  center  (4). 

6.2  pother  characteristic  of  the  stress  system  in  the 
C-ring  is  the  presence  of  biaxial  stresses;  that  is,  transverse  as 
well  as  drcumferential  stresses  are  devdoped  on  the  critical 
test  section.  The  transverse  stress  will  vary  from  a  maximum 
at  the  mid-width  to  zero  at  the  edges,  and  will  be  the  same 
sign  as  the  circumferential  stress.  In  general,  the  transverse 
sti^  may  be  expected  to  decrease  with  decreasing  width  to 
thickness  and  increasing  diameter  to  thickness  ratios.  An 
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example  is  shown  in  Fig.  4  where  the  transverse  tensile  stress 
at  the  mid-width  of  a  19.00  mm  (0.748  in.)  outside  diameter 
by  1.537  mm  (0.0605  in.)  thick  by  19.0  mm  (0.75  in.)  wide 
Coring  of  aluminum  alloy  7075-T6  was  equal  to  about  one 
tUrd  of  the  circumferential  tensile  stress.  In  this  example  the 
drcumferential  stress  was  uniform  over  most  of  the  width  of 
the  C-ring;  measurements  were  not  made  at  the  extreme  edge. 

6.3  In  the  case  of  the  notched  C-ring  (Fig.  3{d))  a  triaxial 
stres  state  is  present  adjacent  to  the  root  of  the  notch  (5).  In 
addition,  the  circumferential  stress  at  the  root  of  the  notch 
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will  be  greater  than  the  nominal  stress  and  generally  may  be 
expected  to  be  in  the  plastic  range. 

6.4  The  possibility  of  residual  stress  should  always  be 
considered,  especially  when  C-rings  art  machined  from 
products  that  contain  appreciable  residual  stress  or  when 
C-rings  over  about  6.35  mm  (Vi  in.)  thick  are  heat  treated 
aAer  being  machined.  It  is  generally  not  advisable  to  heat 
treat  finish-machined  C-rin^  because  of  the  likelihood  of 
developing  residual  stresses  in  the  ring. 

Note  1— When  specimens  are  exposed  to  corrosive  media  at  ele¬ 
vated  temperatures,  the  possibaity  of  relaxation  of  stress  durins  the 
exposure  period  should  be  investigated.  Relaxation  can  be  estimated 
from  known  creep  data  for  both  the  ring  and  the  stressii^  boh. 

6.5  An  advantage  of  the  Oring  is  that  it  can  be  stressed 
with  high  precision  and  bias  by  application  of  a  measured 
deflection,  'nie  sources  of  enor  in  stressing  are  those  that  are 
inherent  with  the  use  of  measuring  instruments  (mi¬ 
crometers,  strain  gages,  etc.)  as  discussed  in  6.2  through  6.4 
and  Annex  Al. 

6.6  The  ddculated  stress  applies  only  to  the  state  of  stress 
before  initiation  of  cracks.  Once  cracking  has  initiated  the 
stress  at  the  tip  of  the  crack,  as  well  as  in  uncracked  areas, 
has  changed. 

7.  Stressing  Methods 

7.1  The  C-ring,  as  generally  used,  is  a  constant-strain 
specimen  with  tensile  stress  produced  on  the  exterior  of  the 
ring  by  tightening  a  boh  centered  on  the  diameter  of  the  ring. 
However,  a  nearly  consunt  load  can  be  developed  by  the  use 
of  a  calibrated  spring  placed  on  the  loading  bolt.  C-rings  also 
can  be  stressed  in  the  reverse  direction  by  spreading  the  ring 
and  creating  a  tensile  stress  on  the  inside  surface.  These 
methods  of  stressing  are  illustrated  in  Fig.  3.  Proper  choice  of 
a  minimum  bolt  diameter  or  a  spring  constant  is,  of  couisc, 
required  to  assure  achieving  true  constant  strain  or  constant 
load  stressing. 

7.2  The  inost  accurate  stressing  procedure  is  to  attach 
circumferential  and  transverse  electrical  strain  gages  to  the 
surface  stressed  in  tension  and  to  the  bolt  until  the 
strain  measurements  indicate  the  desired  drcumferential 
stress.  The  circumferential  (^c)  transverse  (ay),  stresses 
are  calculated  as  follows: 


WCNTlFlCATtON 

NUMKR 


Stock  !•  undemIzR  cr  tu»  itock  li  umd  dhwnAtons  cm  bt  varied  to  iuR  sizt  Cl  sadton  tfom 

FIG.  2  C4Ung  Type  of  Strass-Corraalon  SpadinM 
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(•) 

CONSTANT  STRAIN 


(b) 

CONSTANT  LOAD 


<c) 

CONSTANT  STRAIN 


NoTe->-For  Rg  3  (d)  •  iiniilar  fiolcN  could  be  utad  on  the  imlon  tid9  ^ 

FIG.  3  Methods  of  Stressino  C-Ringt 


(d) 

NOTCN£0  C'RING 


»C  ■  £/(l  ~  +  »«t).  *««• 

»T  ■£/(!-  ^*)•(*T  +  »“c) 

where: 

E  "i  Young's  modulus  of  elasticity, 

\i  «■  Poisson's  ratio, 

cc  *  dreumferential  strain,  and 

«T  ■■  transverse  strain. 

Note  2— When  using  etectrical  strain  gages  with  ihin>wailed  Curings, 
a  correction  should  be  allowed  for  die  displacement  of  the  gage  tiom  the 
surface  of  the  ring.  Alt  traces  oT  the  gage  and  the  adhesive  roust  be 
removed  fiom  the  C-ring  before  it  is  exposed 

Note  3— Stresres  may  be  calculated  from  measured  strains  using  the 
moduliN  of  elasticity,  /imWdh/  ihe  stresses  and  strains  da  mu  exceed  the 
proportkmei  limit. 

7.3  When  several  rings  of  the  same  alloy  and  dimensions 
are  to  be  l(Mtded,  it  is  convenient  to  determine  a  calibration 
curve  of  circumferential  stress  versus  ring  denection  as  in 
Fig.  4  to  avoid  the  inconvenience  of  strain  gaging  each  ring. 

7.4  The  amount  of  compression  required  on  the  C-ring  to 
produce  elastic  straining  only,  and  the  degree  of  elastic  strains 
can  be  predicted  theoretically  (2,  3).  Therefore,  C-rings  may 
be  stressed  by  calculating  the  deflection  required  to  develop  a 
desired  elastic  stress  by  using  the  individual  ring  dimensions 
in  a  modified  curved  beam  equation  as  shown  in  Tal^e  A 1 .1. 
The  accuracy  of  calculated  stresses  is  shown  in  Fig.  4  by  the 
agreement  of  the  calculated  curve  and  the  actual  data  points. 
See  Annex  A1  for  the  equation  for  stressing  C-ring  specimens. 

7.5  In  the  case  of  notched  specimens  a  nominal  stress  is 
assumed  using  the  ring  outside  diameter  measured  at  the 
root  of  the  notch.  Consideration  then  should  be  given  to  the 
stress  concentration  factor  (Kj)  for  the  specific  notch  when 
calculating  the  A  required  to  develop  the  intended  stress. 

8.  Machining 

8.1  When  rings  are  machined  from  solid  stock,  precau¬ 
tions  should  be  taken  to  avoid  practices  that  overheat, 
plastically  deform,  or  develop  residual  stress  in  the  metal 
surface.  Machining  should  be  done  in  stages  so  that  the  final 
cut  leaves  the  principal  surface  with  a  clean  finish  of  0.7  pro 
(30  pin.)  nrn  or  better.  Necessary  machining  sequences,  type 
of  tool,  feed  rate,  etc.,  depend  upon  the  alloy  and  temper  of 


t  ■  1  f  4  MM 


VI  %4mm 


rOIL  SACK 
TV^CCU*1l1-i2t 


FIQ.  4  StrestM  in  7075-T6  Ahimlnum  Alloy  C-Rina  StfUM- 
Cerroaton  Spociman  (4) 


the  te^  piece.  Lapping,  mechanical  polishing,  and  similar 
operations  that  produce  flow  of  the  metal  should  be  avoided. 

9.  Surface  Preparation 

9.1  A  high-quality  machined  surface  is  the  most  desirable 
for  corrosion  test  purposes  unless  one  wants  to  test  the 
asr-fabricated  surface  of  a  tube  or  bar;  it  should,  of  course,  be 
d^reased  before  exposing  the  specimen.  In  order  to  remove 
heat  treat  films  or  thin  layers  of  surface  metal  that  may  have 
become  distorted  during  machining,  chemical  or  electro¬ 
chemical  etches  may  be  used  The  choice  of  such  a  treatment 
will  (kpend  upon  the  alloy  of  the  test  piece.  Care  should  be 
exercised  to  choose  an  etchant  that  will  not  selectively  attack 
constituents  in  the  metal  or  will  not  deposit  undesirable 
residues  on  the  surface.  Etdting  or  pickling  should  not  be 
used  for  alloys  that  may  undergo  hydrogen  embrittlement. 
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9.2  It  is  generally  the  best  procedure  to  complete  the 
surface  preparation  before  the  C-ring  is  stressed  except  for  a 
possible  final  degreasing  of  the  critically  stressed  area. 

9.3  Every  precaution  should  be  taken  to  maintain  the 
integrity  of  the  surface  after  the  final  preparation;  that  is. 
avoid  finger  printing  and  any  rough  handling  that  could  mar 
the  finish. 

10.  Specimen  Identification 

10. 1  Specimen  numbers  may  be  scribed  on  one  of  the  tips 
adjacent  to  the  cut-away  segment  of  the  C-ring.  No  markings 
of  any  kind  should  be  made  on  the  critically  stressed  arc 
between  the  bolt  holes.  Nonmetallic  tags  may  be  attached  to 
the  stressing  bolt  by  means  of  a  second  nut. 

11.  Exposure  Methods 

1  l.l  The  C-ring,  because  of  its  small  size  and  the  simple 
methods  of  stressing,  can  be  exposed  to  almost  any  kind  of 
corrosive  environment  (6).  The  specimens  should  be  sup¬ 
ported  in  such  a  way  that  nothing  except  the  corrosive 
medium  comes  in  contact  with  the  critically  stressed  area. 
No  part  of  an  exposure  rack  should  be  allowed  to  touch  the 
surface  or  the  edges  of  the  criticaliy  stressed  region. 

1 1.2  Care  must  be  exercised  to  avoid  galvanic  effects  be¬ 
tween  the  C-ring,  the  stressing  bolt,  and  exposure  racks.  It  is 
essential  also  to  prevent  crevice  corrosion  that  could  devdop 
corrosion  products  between  ring  and  bolt  and  alter  the  stress 
in  the  C-ring.  I^tection  can  readily  be  applied  by  means  of 
suitable  coatings  or  by  insulating  bushing  as  shown  in  Fig.  5. 
Consideration  must  be  given  to  the  selection  of  coatings  or 
insulators  that  will  neither  contaminate  the  corroding  me¬ 
dium  nor  be  deteriorated  by  It.  An  insulating  bushing,  for 
example,  that  would  deteriorate  or  creep,  and  thus  allow  the 
stress  in  the  specimen  to  decrease,  would  be  unsatisfactory. 

Note  4 — Specimens  should  be  placed  in  Uie  intended  conosive 
enviroDmem  as  soon  as  possible  after  being  stressed,  ss  some  alloys  may 
crack  In  moderately  buroid  air. 

Note  5--Hemispberic  glazed  ceramic  insulators  {S-15 1  Steatite)  that 
are  eaoellent  for  use  outdoors  aitd  in  neutral  aqueous  solutions  can  be 
obtained  Trom  Saxonburg  Ceramics,  Inc.,  P.  O.  Box  157,  Saxonbnrg,  PA 
16056.  Beeswax,  aixl  other  adherent  wax-type  coatings,  are  suitable  for 
room  temperature  testa  ia  aqueous  lolutiont.  For  lesu  in  addic  or 
alkaline  solutions,  fast  ckying  vinyl-type  lacquen  have  been  used 
aicoessfully;  an  example  is  an  eleetroplaters  stop-olf,  ''Micro  ShidtT, 
available  from  the  Michigan  Chrome  and  Chemical  Ca,  Dept  T-R, 
S615  Orinnell  Ave.,  Detroit,  Ml  4S2I3. 

1 1.3  Determination  of  cracking  time  is  a  subjective  proce¬ 


dure  involving  visual  examination  that  under  some  condi¬ 
tions  can  be  very  difficult,  as  noted  in  Section  12,  and 
depends  on  the  skill  and  experience  of  the  inspector. 

12.  Inspection 

12. 1  Highly  stressed  C-rings  of  alloys  that  are  appreciably 
susceptible  to  stressKXNTOsion  cracking  tend  to  fracture 
throi^  the  entire  thickness  or  to  crack  in  a  way  that  is  con¬ 
spicuous.  Frequently,  however,  with  lower  apikied  stresses, 
or  with  more  stress-corrosion-resistant  alloys,  cracking  be- 
^ns  slowly  and  is  difficult  to  detect.  Small  cracks  may 
initiate  at  multiple  sites  and  be  obscured  by  corrosion  prod¬ 
ucts,  and  an  arbitrary  decision  must  be  made  to  declare  a 
specimen  **failed.**  Inasmuch  as  C-rings  do  not  always  frac¬ 
ture,  it  is  preferable  to  report  the  first  crack  as  the  criterion  of 
failure.  It  is  common  practice  to  make  this  inspection  with 
the  naked  eye  or  at  a  low  magnification.  If  there  arc  indi¬ 
cations  noted  that  cannot  be  cstaNished  definitely  as  a  crack 
by  this  type  of  examination,  the  investigator  should  either  (a) 
note  the  date  of  this  first  suspicion  of  cracking  and  continue 
the  exposure  of  the  specimen,  watching  for  further  growth 
that  will  confirm  the  first  indication  as  the  failure  date,  or  (£) 
discontinue  exposure  of  the  specimen  and  perform  a 
metallographic  examination  of  a  cross  seaion  taken  through 
the  suspect  crack  to  esublish  whether  there  is  cracking. 
Metallographic  examination  of  fractured  or  cracked  C-rings 
can  also  be  helpful  in  determining  whether  the  failure  was 
caused  by  stress-corrosion  cracking  or  by  some  other  form  of 
localized  corrosion. 

13.  Report 

13.1  In  addition  to  reporting  the  number  of  specimens 
failed  and  the  time  to  **failure**  of  each  specimen,  particulars 
should  be  reported  concerning  the  following: 

13.1.1  Stressing  methods, 

13.U  Magnitude  of  applied  stress, 

13.1.3  Specimen  orientation, 

13.1.4  EMmensions  and  surface  preparation, 

13.1.5  Test  medium, 

13.1.6  Test  duration,  and 

13.1.7  Criterion  of  failure. 

13.2  Full  information  should  also  be  reported  about  the 
alloy(s)  being  tested,  including  the  following; 

13.2.1  Alloy  designation  or  specification  number, 
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ANNEX 

(Mandatory  Informadoa) 

Al.  EQUATION  FOR  STRESSING  C-RING  SPECIMENS 

Al.I  Calculate  the  final  diameter  (ODf)  required  to  give 
the  desired  stress  using  the  following  equations: 

ODf*  OD  -  A,  and 
A  ^firD^IAEtZ 

where: 

OD  *  outside  diameter  of  C-ring  before  stressing,  in.  (or 
mm), 

ODf  *  outside  diameter  of  stressed  C-ring,  in.  (or  mm), 
f  *  derired  ttress,  MPa  (or  psi)  (within  the  proportional 
limit), 

A  *  change  of  OD  giving  desired  stress,  mm  (or  in.), 

D  ■  mean  diameter  (OD  -  /),  mm  (or  in.), 
t  *  wall  thickness,  mm  (or  in.), 

E  *  modulus  of  elasticity,  MPa  (or  psi),  and 


RQ.  A1.1  Correction  Factor  lor  Curved  BeeMe 
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Z  *  a  correction  factor  for  curved  beams  (see  Fig.  At.l). 

Nora  Al.l^Ttbieft  such  at  Table  Al.I  can  be  devdoped  to  avoid 
repetitive  calculations  for  ioveMigations  involving  many  tests  of  a  given 
nominal  size  Oiing. 

Note  A1.2-- The  main  source  of  error  in  this  procedure  lies  in  the 
measurements  of  the  C-ring  dimensions.  If  in  a  typical  example  of  a 
19.0S  mm  (0.7SO  in.)  OD  1.52  mm  (0.060  in.)  wall  thickne»  C-ring 
the  measurements  are  made  to  the  nearest  0.03  mm  (0.001  in.),  the 
random  enor  in  the  calculated  value  of  A  should  not  exceed  about  3  %; 
and  the  error  would  be  less  for  larger  and  thicker  rings.  An  error  of  0.00 1 
in.  in  measuring  OD  and  OD(v  however,  will  have  a  variable  eflect  upon 
the  stress  actually  developed,  depending  upon  the  magnitudes  of  the 
desired  stress  and  the  OD  of  the  ring.  For  the  size  of  ring  mentioned  the 
percent  error  in  applying  A  would  be  ±3  %  for/«  345  MPa  (50  ksi) 
ranging  to  ±30  %  for/*  34  MPa  (5  kai). 


13.2.2  Composition  of  the  test  lot, 

13.2.3  Fabrication  history, 

13.2.4  Heat  treatment,  and 

13.2.5  Mechanical  iwoperties. 
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Actual  00,  mm 


Actual  r,nnm 

15974 

18.999 

19.025 

19550 

19.075 

19.101 

19.128 

10.162 

19.177 

19502 

1A22 

1505 

1.816 

1519 

1526 

1.631 

1.836 

1541 

1.846 

1552 

1557 

1A35 

1.701 

1.796 

1501 

1506 

1511 

1.616 

1521 

1.626 

1534 

1538 

1A48 

1.773 

1.776 

1.763 

1.786 

1.793 

1.796 

1503 

1.808 

1514 

1519 

1.460 

1.756 

1.760 

1.765 

1.770 

1.775 

1.780 

1.786 

1.791 

1.796 

1501 

1A73 

1.737 

1.742 

1,748 

1.753 

1.766 

1.763 

1.766 

1.773 

1.778 

1.783 

1.466 

1.720 

1.72$ 

1.730 

1.735 

1.740 

1.745 

1.750 

1.755 

1.760 

1.76S 

1A99 

1.702 

1.707 

1.712 

1.717 

1.722 

1.727 

1.732 

1.737 

1.742 

1.747 

1J11 

1.667 

1502 

1597 

1.702 

1.707 

1.709 

1.714 

1.720 

1.728 

1.730 

1524 

1.609 

1574 

1579 

1.664 

1.689 

1.694 

1599 

1.704 

1.709 

1.714 

1537 

1.663 

1.659 

1.664 

1.666 

1.871 

1.676 

1581 

1.667 

1.692 

1597 

1549 

1.636 

1543 

1.646 

1.651 

1.656 

1.661 

1566 

1.671 

1.676 

1581 

1562 

1.620 

1.626 

1531 

1.636 

1.641 

1546 

1.660 

1.656 

1.659 

1584 

1575 

1.605 

1510 

1.615 

1.620 

1.626 

1.831 

1533 

1.638 

1.643 

1546 

1567 

1.590 

1595 

1.600 

1.605 

1.610 

1515 

1.616 

1.623 

1.626 

1.633 

1500 

1.577 

1580 

1586 

1590 

1.595 

1500 

1.603 

1.606 

1.613 

1.618 

1513 

1.562 

1565 

1570 

1575 

1.580 

1565 

1590 

1593 

1.598 

1.603 

1.628 

1.547 

1552 

1557 

1560 

1.565 

1570 

1576 

1580 

1.562 

1566 

Aotukf.hi. 

Actual  00.  In. 

Q.7470 

0.7480 

0.7490 

aTsoo 

0.7610 

0.7520 

0.7530 

0.7540 

0.7550 

0.7560 

a0660 

0.0712 

0.C715 

0.0716 

a0719 

0.0721 

05723 

05725 

0.0727 

0.0720 

a0731 

0.0665 

0.0706 

0.0707 

05709 

ao7ii 

05713 

05716 

05717 

0.0719 

0.0722 

a0724 

0.0570 

0.0698 

0.0700 

0.0702 

a0704 

0.0706 

05706 

05710 

0.0712 

0.0714 

a0716 

a057S 

0.0691 

05693 

0.0695 

a0697 

0.0699 

05701 

0.0703 

0.0705 

0.0707 

ao7oo 

a0580 

0.0684 

05686 

0.0668 

a0690 

0.0692 

05694 

05696 

0.0698 

0.0700 

05702 

0.0585 

0.0677 

05679 

0.0681 

0.0663 

05665 

0.0687 

ooftap 

0.0691 

0.0693 

0.0695 

0.0500 

0.0670 

05672 

0.0674 

0.0676 

05678 

0.0680 

a0662 

0.0684 

0.0686 

05666 

a0595 

0.0664 

05666 

0.0666 

0.0670 

0.0672 

0.0673 

0.0675 

0.0677 

0.0679 

05661 

0.0600 

0.0657 

0.0659 

0.0661 

a0663 

0.0665 

05687 

05669 

0.0671 

0.0673 

05675 

a0605 

0.0661 

0.0653 

0.0655 

a0657 

0.0656 

05660 

a0662 

0.0664 

0.0666 

05668 

aoeio 

0.0645 

05647 

0.0646 

ao6$o 

0.0652 

05654 

a0666 

0.0658 

0.0660 

0.0662 

0.0615 

0.0638 

05640 

0.0642 

a0644 

0.0646 

05646 

a0660 

0.0652 

0.0653 

05655 

0.0620 

0.0632 

05634 

0.0636 

0.0638 

0.0640 

0.0642 

0.0843 

0.0645 

0.0647 

05649 

0.0625 

0.0G26 

a0628 

0.0630 

a0632 

0.0634 

05636 

0.0637 

0.0639 

0.0641 

05643 

0.0630 

0.0621 

05622 

0.0624 

0.0626 

0.0628 

05630 

0.0631 

0.0633 

0.0635 

05637 

0.0636 

0.0615 

0.0616 

0.0618 

0.0620 

05622 

05624 

0.0626 

0.0627 

0.0629 

0.0631 

0.0640 

0.0609 

0.0611 

0.0613 

0.0614 

0.0616 

0.0618 

0.0620 

0.0622 

0.0623 

0.0625 
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Standard  Practice  for 

Preparation  and  Use  of  Bent-Beam  Stress-Corrosion  Test 
Specimens'* 
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**  Nore-^Sectioa  IS  was  added  editorially  in  October  1994. 


1.  Scope 

l.l  This  i»tictioc  covers  procedures  for  designing,  pre- 
panng,  using  bent-beam  stiess-oonrosion  specimens. 

U  Different  spedmen  configurations  are  given  for  use 
with  different  product  forms,  such  as  sheet  or  plate.  This 
I»acticc  applicable  to  specimens  of  any  metal  that  are 
stressed  to  kvek  less  than  the  clastic  limit  of  the  material, 
and  therefore  the  applied  stress  can  be  accurately  calculated 
or  measured  (Note  1).  Stress  calculations  by  this  practice  arc 
not  api^cablc  to  plakically  stressed  specimens. 

Note  Iritis  the  nntwcofthese  methods  that  only  the  vviHcxl  stress 
can  be  ^cukted.  Since  iticss-coiToskM  cracking  is  a  function  of  the 
total  st^  for  critical  applications  and  proper  mterpretotion  of  results, 
the  readual  stress  <befo^  ikying  external  stress)  or  the  total  clastic 
mess  (after  applying  extend  stress)  should  be  determined  by  appro¬ 
priate  Dondestnictive  methods,  such  as  X-ray  diffiaction  (l).^ 

1.3  Test  procedures  are  given  for  stress-corrosion  testing 
by  exposure  to  gaseous  and  ^uid  environments. 

1.4  The  bent-beam  test  is  best  suited  for  flat  product 
forms  such  as  sheet,  strip,  and  plate.  For  plate  material  the 
bent-beam  spedmen  is  more  difficult  to  use,  because  more 
rugged  spedmen  holders  must  be  built  to  accommodate  the 
9)ecimens.  A  double-beam  modification  of  a  four-point 
9)edmen  to  utilize  heavier  materials  is  described  in  10.5. 

1.5  The  exposure  of  specimens  in  a  corrosive  environ¬ 
ment  is  treateij  only  tmefly,  since  other  methods  deal  with 
this  aspect,  for  examine,  Specification  D114I,  Practices 
G30,  G36,  G44,  and  G50,  and  Method  G43.  The 
experimenter  is  referred  to  ASTM  Spedal  Technical  Publi¬ 
cation  425  (2). 

1.6  The  bent-beam  method  generally  constitutes  a  con¬ 
stant  strain  (deflection)  test  Once  cracking  has  initialed,  the 
state  of  stress  at  the  tip  of  the  crack  as  well  as  in  uncracked 
areas  has  changed,  and  therefore  the  known  or  calculated 
stress  or  strain  values  discussed  in  this  method  apply  only  to 
the  state  of  stress  existing  before  initiation  of  cracks. 

1.7  The  values  stated  in  SI  units  are  to  be  r^arded  as 
standard.  The  inch-pound  equivalents  in  parentheses  are 
provided  for  information. 
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1.8  This  standard  does  not  purport  to  address  all  of  the 
safety  concerns,  {f  any,  associated  with  its  use.  It  is  the 
responsibility  of  the  user  of  this  standard  to  establish  appro¬ 
priate  safety  and  health  practices  and  determine  the  applica¬ 
bility  of  regulatory  limitations  prior  to  use.  (For  more  specific 
safety  hazard  information  sec  Section  8  and  12.1.) 

2.  Referenced  Documents 

2.1  ASTM  Standards: 

D  1 141  Specification  for  Substitute  Ocean  Water^ 

G  30  Practice  for  Making  and  Using  U-Bend  Stress  Corro¬ 
sion  Test  Specimens^ 

G36  Practice  for  Peiformii^  Stress-Corrosion  Cracking 
Tests  in  a  Boiling  Ma^icsium  Chloride  Solution^ 

G43  Method  of  Acidified  Synthetic  Seawater  (Fog) 
Testing^ 

G44  Practice  for  Evaluating  Stress  Corrosion  Cracking 
Resistance  of  Metals  and  Alloys  by  Alternate  Immersion 
in  3.5  %  Sodium  Chloride  Solution^ 

G50  Practice  for  Conducting  Atmospheric  Corrosion 
Tests  on  Metals^ 

3*  Tmninology 

3.1  Description  of  Terms  Spmfic  to  This  Standard' 

3.1.1  stress-corrosion  cracking^n  cracking  process  re¬ 
quiring  the  simultaneous  action  of  a  corrodent  and  sustained 
tensile  stress.  This  excludes  corrosion-reduced  sections  that 
fail  by  fast  fiacture.  It  also  excludes  interciystalline  or 
transcrystallinc  corrosion  which  can  disintegrate  an  alloy 
without  either  applied  or  residual  stress. 

3.1.2  cracking  time — the  time  elapsed  from  the  inception 
of  test  until  the  appearance  of  craddng. 

DiscussiON  I— The  test  brains  when  the  stress  is  Applied  atwi  die 
stressed  specimen  is  exposed  to  the  corrosive  environment,  whichever 
occurs  later. 

I^tscussiON  2 — ^The  a^eamen  is  considered  to  have  failed  when 
cwks  are  detected.  Pimenoe  of  cracks  can  be  determined  with  or 
mthout  optical,  mechanical,  or  etectronic  aids.  However,  for  meaningful 
intopretation,  comparisons  should  be  made  only  among  tesu  em¬ 
ploying  crack  detection  methods  of  equivalent  sensitivity. 

4.  Summary  of  Practice 

4.1  This  practice  involves  the  quantitative  stressing  of  a 


^Amu^  Book  of  ASTM  SlanAards,  Vol  lli)2. 

<w4wimo/  Book  ^ASTMSuuiAards.  Vol  03i)2. 

^  Discoaticnied— See  1987  Annmt  Book  of  ASTkt  Siandardi,  Vol  03.02. 
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beam  specimen  by  application  of  a  bending  stress.  The 
applied  stress  is  determined  from  the  size  of  the  specimen 
and  the  bending  deflection.  The  stress  specimens  then  are 
exposed  to  the  test  environment  and  the  time  required  for 
cracks  to  develop  is  determined.  This  cracking  time  is  used  as 
a  measure  of  the  stress-corrosion  resistance  of  the  material  in 
the  test  environment  at  the  stress  level  utilized. 


<a)TWO-POtMT  LOADED  SPECIMEN 


5.  Signincance  and  Use 

5.1  The  bent-beam  4)ecimen  is  designed  for  determining 
the  stress-corrosion  behavior  of  alloy  sheets  and  plates  in  a 
variety  of  environments.  The  bent-beam  q^edmens  are 
designed  for  testing  al  stress  levels  below  the  elastic  limit  of 
the  alloy.  For  testing  in  the  plastic  range  U-bend  specimens 
should  be  employed  (see  Practice  G30).  Although  h  k 
possible  to  stress  bent-b^m  specimens  into  the  plastic  range, 
the  stress  level  cannot  be  calculated  for  plastically  stressed 
three-  and  four-point  loaded  spedmens  as  well  as  the 
doutrfe-beam  specimens.  Therefore,  the  use  of  bent-beam 
specimens  in  the  plastic  range  is  not  recommended. 

6.  Apparatus 

6.1  Specimen  Holders^BenX-besan  siemens  require  a 
sptdmcn  header  for  each  ^)ecimen,  designed  to  retain  the 
applied  stress  on  the  specimen.  Typical  spedmen  holder 
configurations  are  shown  schematic^y  in  Fig.  1  (Notes  2 
and  3). 

6.1.1  The  holder  shall  be  made  of  a  material  that  would 
withstand  the  influence  of  the  environment  without  deterio¬ 
ration  or  change  in  shape  (Note  4). 

6.1.2  When  the  stress-corrosion  test  is  conducted  by 
immersion  in  an  electrolyte,  galvanic  action  between  spec¬ 
imen  and  hdder  (or  spacer)  shall  be  prevented  (see  Note  5). 
This  is  accomplished  by  (7)  making  the  holder  of  the  same 
material  as  the  individual  spedmens,  (2)  inserting  electrically 
insulating  materials  between  spedmen  and  holder  at  all 
points  of  contact  (Note  4),  (i)  making  the  entire  holder  out 
of  a  nonmetallic  material  (Note  4),  or  (4)  coating  the  holder 
with  a  coating  that  effectively  prevents  contact  between 
holder  and  electrolyte. 

6.1.3  Crevice  corrosion  may  occur  in  an  electrolyte  at 
contact  points  between  spedmen  and  holder  (or  spacer).  In 
these  instances  the  criti^  areas  should  be  pack^  with  a 
hydrophobic  filler  (such  as  grease  or  wax)  (Note  5). 

Note  2— The  douUe-beam  spedmen,  more  fully  described  in  10.5, 
is  aelfconiained  and  does  not  raquire  a  holder. 

Note  3>— Spedmen  boldeis  can  be  modified  from  the  constant 
deformation  type  shown  in  Fig.  1  to  give  a  constant4oad  type  of 
itressiiig.  For  instance,  the  loading  bolt  can  be  supplanted  by  a  spring  or 
dead-weight  arrangement  to  change  the  mode  of  loading. 

Note  4— h  should  be  recognized  that  many  plastics  tend  to  creep 
when  subjected  to  tusUunod  loads.  If  spedmen  holders  or  insulators  arc 
made  of  such  materials,  the  applied  stress  on  the  spedmen  may  change 
appreciably  with  time.  By  proper  choice  of  bolder  and  insulator  mate¬ 
rials,  hofwever,  many  plastira  can  be  used,  especially  in  short-time  tests. 

Note  5 — In  atmospheres  (gas)  galvanic  action  between  spedmen 
and  holder  either  does  not  exist  or  is  confined  to  a  very  small  area  as 
experienced  in  outdoor  exposure  tests. 

6.2  Stressing  -Three-point  and  four-point  loaded 
spedmea  holders,  Hg.  1  (b  and  c),  contain  a  stressing  feature 
in  the  form  of  a  loading  screw.  To  stress  two-point  loaded 
specimens  (Fig.  1(a)),  a  separate  stressing  jig  sh^  be  used  A 
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(blTHR£E->OIWT  LOPED  SPECIMEW 

FIG.  1  Schamatic  Spodmon  and  Holdar  Configuraliona 


FIG.  2  $tr«aaing  Jig  and  Two-Point  Loaded  Spaclman  with 
Holdar  (approximataiy  V4  actual  alza) 
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PIQ.  3  SpedoMn  Loading  ApfMiratMS  for  Thioo^Point  Londod 
Bd«n  Spooiroonn  with  Integral  Dafiaction  Qaga 


convenient  stressing  jig  is  shown  in  Fig.  2. 

Note  6^Tbe  double-beam  specimen,  described  in  10.5,  requixes  t 
mechanical  or  hydraulic  stressing  frame  (a  universal  tenrion  testing 
machine  can  also  be  used)  as  weU  as  welding  equipment 

6.3  Deflection  Gages — Deflection  of  specimens  is  deter¬ 
mined  by  separate  gages  or  by  gages  incorporated  in  a 
loading  apparatus  as  shown  in  Fig.  3.  In  deigning  a 
deflection  gage  to  suit  individual  dicumstances  care  must  be 
taken  to  reference  the  deflection  to  the  proper  support 
distance  as  defined  in  10.2  to  10.5, 

7.  Test  Specimen 

7. 1  The  bent-beam  stress-corrosion  specimens  shall  be  flat 
strips  of  metal  of  uniform,  rectangular  cross  section  and 
uniform  thidcness. 

7.2  The  identification  of  individual  specimens  should  be 
permanently  inscribed  at  each  end  of  the  specimen  because 
this  is  the  area  of  lowest  stress  and  cracking  is  not  expected  to 
be  initiated  by  the  identification  markings.  If  stenciling  is 
used  for  identification,  this  shall  be  done  only  on  soflened 
mate^  before  any  hardening  heat  treatments  to  prevent 
cfBcking  in  the  stenciled  area.  Care  must  be  taken  to  prevent 

identification  from  being  obliterated  by  corrosion. 

7.3  Mechanical  properties  should  be  determined  on  the 
same  heat-treatment  1^  from  which  stress-corrosion  speci¬ 
mens  are  obtained. 

7.4  The  admens  ^n  be  cut  from  sheet  or  plate  in  such 
a  fashion  that  the  original  material  surface  is  retained.  This 
procedure  is  recommended  when  it  is  desired  to  include  the 
effect  of  surface  condition  in  the  test. 

7.5  If,  however,  it  is  desired  that  surface  conditions  should 
not  influence  the  test  results  of  several  materials  with 
different  surface  conditions,  the  surfaces  of  all  spedmens 
must  be  prepared  in  the  same  way.  It  is  recommended  that 
grinding  or  machining  to  a  surface  finish  of  at  least  0.7 
(30  pin.)  and  to  a  depth  of  at  least  OJ25  mm  (0.01  in.)  be 
utilized  for  surface  preparation.  It  is  desirable  to  remove  the 
required  amount  of  metal  in  several  steps  by  alternately 
grinding  opposite  surfaces.  This  practice  minimizes  waxpage 
due  to  residua]  stresses  caused  by  machining.  All  edges 
should  be  similarly  ground  or  machined  to  remove  cold- 


worked  material  from  previous  sheariog.  Chemical  or  eleo- 
trocbemical  treatments  that  produce  hydrogen  on  the  ^xc- 
imen  surface  must  not  be  used  on  materials  that  may  be 
subject  to  embrittlement  by  hydrogen  or  that  react  with 
hydrogen  to  form  a  hydride. 

7.6  Immediately  before  stressing  the  specimens  should  be 
degreased  and  d^ned  to  remove  contamination  that  oc- 
ciured  during  iq^edmen  preparation.  Only  chemicals  appro¬ 
priate  for  the  given  metal  or  alloy  should  be  used.  Care  must 
be  exerdsed  not  to  contaminate  dcaned  spedmens.  Also,  it 
is  suggested  that  spedmens  be  examined  for  cracks  before 
exposure  to  the  test  environment. 

8.  Hazards 

8.1  Bent-beam  spedmens  made  from  high-strength  mate¬ 
rials  may  exhibit  high  rates  of  crack  propagation  and  a 
specimen  may  iplinter  into  several  pieces.  Due  to  high 
stresses  in  a  spedmen,  these  pieces  may  leave  the  spedmen 
at  high  vdodty  and  can  be  dangerous.  Personnel  instatlir^ 
a^  examining  spedmens  should  be  cognizant  of  this  possi¬ 
bility  and  be  protected  against  injury. 

9.  Sampling 

9.1  Test  specimens  shall  be  selected  so  that  they  represent 
the  materia!  to  be  tested.  In  simulating  a  service  condition, 
the  direction  of  load  application  in  the  q)ecimen  shall  repre¬ 
sent  the  anticipated  loadng  direction  in  service  with  respect 
to  processing  conditions,  for  example,  rolling  direction. 

9.2  Sections  7.4  and  7.5  deal  9)ednca]ly  with  spedmen 
selection  as  related  to  the  original  materia]  surface. 

10.  Stress  Calculatioiu 

10.1  The  equations  g^en  in  this  section  are  valid  only  for 
stresses  bdow  the  elastic  limit  of  the  material.  At  stresses 
above  the  elastic  limit  but  below  the  engineering  yield  strength 
(0J2  %  offret)  only  a  small  error  results  from  use  of  the  equa¬ 
tions  (sec  Note  I).  The  equations  must  not  be  used  above  the 
yield  strength  of  the  material.  The  following  paragraphs  give 
relationships  used  to  calculate  the  maximum  longitudinal 
stress  in  the  outer  fibers  of  the  spedmen  convex  surface. 
Clalculations  for  transverse  stress  or  edge-to-edge  variation  of 
longitudinal  str^  are  not  given;  the  spedmen  dimensions 
m  chosen  to  minimize  these  stresses  consistent  with  conven¬ 
ient  use  of  the  specimens.  The  spedmen  dimensions  given 
here  can  be  modified  to  suit  specific  needs.  How-  ever,  if  this 
is  done  the  approximate  spedmen  proportions  should  be 
preserved  to  give  a  similar  stress  distribution  (for  instance,  if 
the  length  is  doubled  the  width  should  be  doubled  also). 

10.1.1  When  specimens  are  tested  at  elevated  tempera¬ 
tures,  the  posribility  of  stress  relaxation  should  be  investi¬ 
gated.  Relaxation  can  be  estimated  from  known  creep  data 
for  the  spedmen,  holder,  and  insulating  materials.  DifTer- 
enoes  in  thermal  expansion  also  should  be  considered. 

10.1.2  The  applied  stress  is  determined  by  spedmen  di¬ 
mensions  and  the  amount  of  bending  deflection.  Thus,  the 
errors  in  the  applied  stress  arc  related  to  those  inherent  in  the 
use  of  measuring  instruments  (micrometers,  deflection 
strain  gages,  eta).  For  the  two-point  loaded  q^ecimens  most 
measured  values  lie  within  5  %  of  the  values  calculated  in 
accordance  with  the  procedures  given  in  10.2.1  through 
10.2.3,  as  reported  by  Haaijcr  and  Loginow  (4).  The  calcu- 
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lated  ftrcss  applies  only  to  the  state  of  stress  before  initiation 
of  cracks.  On^  cracking  is  initiated,  the  stress  at  the  tip  of 
the  crack,  as  well  as  in  uncracked  areas,  has  changed. 

10.2  Two-Point  Loaded  Specimen5^^T\^%  specimen  can 
be  used  for  materials  that  do  not  deform  plastically  when 
bent  to  (L  -  H)/H  «  0.01  (sec  10J.4).  The  specimens  shall 
be  approximately  25  by  254-mm  (1  by  10-in.)  flat  strips  cut 
to  appropriate  lengths  to  produce  the  desired  stress  after 
bending  as  shown  in  Fig.  l(n). 

10.2.1  Calculate  the  ela^c  stress  in  the  outer  fiber  at 
midlength  of  the  two-point  loaded  specimens  from  relation¬ 
ships  derived  from  a  theoreticaUy  exact  laige-deflection 
analysis  (4),  as  follows: 

and 

{L^H)/H^[KI2E^K)]^\  (2) 

where: 

L  *  length  of  specimen, 

H  »  distance  b^ween  supports  (holder  span), 
t  —  thickness  of  specimen, 

«  »  maximum  tensile  strain, 

^  *  Jo^  (1  —  A?  sin^  dz  (comi^ete  elliptic  integral  of 
the  first  kind), 

E  *  /o^  (I  —  sin^  z)*^  dz  (complete  elliptic  int^ral  of 
the  second  kind), 
k  =  sin  V2, 

9  *  maximum  slope  of  the  specimen,  that  is,  at  the  end  of 
the  spedmen,  and 
z  integ^tion  parameter  (4). 

10.2.2  The  mathematical  analysis  establishes  that  Eqs  1 
and  2  define  the  relationship  between  the  strain  t  and  (L  - 
H)/ H  in  parameter  form.  The  common  parameter  in  ^ese 
equations  is  the  modulus  kofthe  elliptic  int^rals.  Thus,  the 
following  procure  can  be  used  to  determine  the  specimen 
length  L  that  is  required  to  |N*oduoe  a  given  maximum  stress 
cr: 

10.2.2.1  Divide  the  stress  c  by  the  modulus  of  elasticity 
to  deteimine  the  strain  c. 

10JL2.2  From  £q  1  determine  the  value  of  k  cone- 
^>onding  to  the  required  value  of  c. 

102.2.3  By  using  appropriate  values  of  k  evaluate  Eq  2 
for  L.  To  facilitate  calculations  a  computer  can  be  used  to 
generate  a  table  for  a  range  of  strain  t  and  H/t  with  resultant 
values  of  (L  -  H)/H. 

10.2.3  Calculate  the  deflection  of  the  specimen  as  follows: 

ylH^kH2E^K)  (3) 

where: 

y  «  maximum  deflection. 

The  other  quantities  are  given  in  10.2.1. 

This  relationship  can  be  used  as  a  simile  check  to  ensure 
that  the  maximum  stress  does  not  exceed  the  proportional 
limit  If  it  should  exceed  the  proportional  limit  the  measured 
deflection  will  be  greater  than  that  calculated  from  £q  3. 

10.2.4  As  an  alternative  method  the  following  approxi¬ 
mate  relationship  can  be  used  for  calculating  specimen  length: 

L  -  (kr£/ir)  sin**  {He/ktE)  (4) 


where: 

L  -  specimen  length, 
a  ^  maximum  stress, 

E  *  modulus  of  elasticity, 

H  *  holder  span, 
t  thickness  of  specimen,  and 
k  =  1280,  an  empirical  constant 
This  equation  can  be  solved  by  computer,  by  trial  and  error, 
or  by  using  a  series  expansion  of  the  sine  functioa  Equation 
4  shall  be  used  only  when  the  quantity  (HeflaE)  is  less  than 
1.0. 

10.2.5  Choose  specimen  thickness  and  length,  and  holder 
span,  to  obtain  a  value  for  (L  -  HyH  of  between  0.01  and 
0.50,  thus  keeping  the  error  of  stress  within  acceptable  limits. 
A  specimen  thickness  of  about  0.8  to  1.8  mm  (0.03  to  0.07 
in.)  and  a  holder  span  of  1 77.8  to  2 1 5.9  mm  (7.00  to  8.50  in.) 
has  been  very  convenient  when  woiidng  with  very  high 
strength  steels  and  aluminum  alloys  with  appHed  stresses 
ranging  from  about  205  MPa  (30  ksi)  for  aluminum  to  1 380 
MPa  (200  ksi)  for  steel  The  specimen  dimensions  given  here 
can  be  modified  to  suit  ^)^fic  needs.  However,  if  this  is 
done,  approximate  dimensional  proportions  shall  be  pre¬ 
served. 

10.2.6  In  two-point  loaded  Q>ecimens  the  maximum 
stress  occurs  at  midlcngth  of  the  specimen  and  decreases  to 
zero  at  specimen  ends. 

10.2.7  The  two-point  loaded  specimen  is  preferred  to 
thre^point  loaded  specimens,  because  in  many  instances 
crevice  corrosion  of  the  specimen  occurs  at  the  central 
support  of  the  three-point  loaded  specimen.  Since  this 
corrosion  site  is  very  dose  to  the  point  of  highest  tension 
stress,  it  may  cathodically  protect  the  spedmen  and  prevent 
possible  crack  formation  or  cause  hydrogen  embrittlement 
Furthermme,  the  pressure  of  the  central  support  at  the  point 
of  highest  load  introduces  biaxial  stresses  at  the  area  of 
contact  and  could  introduce  tension  stresses  where  normally 
compression  stresses  are  present 

Norre  7--OcGasioiidly  two-point  kwded  qmnieiis  having  a 
nonunironn  crois  section  ait  used  for  ipedal  puiposes.  A  dcsci^tion  of 
such  a  specimen  is  given  by  WiJson  and  Spier  (5). 

10.3  Three'Point  LxHided  Specimens — ^Thc  spedmen  shall 
be  a  flat  strip  typically  25  to  51  mm  (1  to  2  in.)  wide  and  127 
to  254  mm  (5  to  10  in.)  long.  The  thickness  of  the  qxdmcn 
is  usimlly  dictated  by  the  mechanical  properties  of  the 
materia]  and  the  product  form  avaiiaUe.  Support  the  spec¬ 
imen  at  the  ends  and  bend  the  specimen  by  forcing  a  screw 
(equipped  with  a  ball  or  knife-edge  tip)  against  it  at  the  point 
halfway  between  the  end  supports  in  a  fashion  shown  in  Fig. 
l(^).  The  spedmen  dimensions  given  here  can  be  modified 
to  suit  specific  needs.  However,  if  this  is  done,  approximate 
dimensional  proportions  shall  bt  preserved. 

10.3.1  Calculate  the  elastic  stress  at  midspan  in  the  outer 
fibers  of  three-point  loaded  spedmens  from  the  relationship: 

n  -  6Ety/H^ 

where: 

ff  =  maximum  tensile  stress, 

E  ^  modulus  of  elastidty, 

I  »  thickness  of  spedmen, 
y  «  maximum  deflection,  and 
H  «  distance  between  outer  supports. 
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10.3.2  The  above  relation^p  is  based  on  small  deflec¬ 
tions  less  than  0.1).  In  sheet  gage  bent-beam  specimens 
the  deflections  are  usually  large,  and  thus,  the  relationship  is 
only  approximate.  To  obtain  more  accurate  stress  values,  use 
for  calil^tioD  a  prototype  specimen  equipped  with  strain 
gages.  This  prototype  should  have  the  same  dimensions  as 
the  test  qxcimens,  and  should  be  stressed  in  the  same  way. 

10.3.3  In  three-pdnl  loaded  specimens  the  maximum 
stress  occurs  at  midlength  of  the  specimen  and  decreases 
linearly  to  zero  at  the  outer  supports. 

10.3.4  For  limitation  in  the  use  of  three-point  loaded 
specimens  see  10.2.7. 

10.4  Four-^Point  Loaded  Specimens--The  ^)edmen  shall 
be  a  flat  strip  typically  25  to51  mm(l  to  2  in.)  wide  and  127 
to  254  mm  (5  to  10  in.)  long.  The  thickness  of  the  specimen 
is  usuaUy  delated  by  the  mechanical  properties  of  the 
material  and  the  product  form  avaUable.  Support  the  spec¬ 
imen  at  the  ends  and  bend  the  specimen  by  forcing  two  inner 
supports  against  it  in  a  fashion  shown  in  Fig.  1(c).  The  two 
inner  suin>orts  shall  be  located  symmetrically  around  the 
midpoint  between  the  outer  supports.  The  specimen  dimen- 
siems  given  here  can  be  modified  to  suit  specific  needs. 
However,  if  this  is  done,  approximate  dimensional  propor¬ 
tions  shall  be  preserved. 

10.4.1  Calculate  the  elastic  stress  for  the  midportion  of  the 
sptdmcn  (between  contact  points  of  the  inner  support)  in 
the  outer  fibers  of  four-point  loaded  specimens  from  the 
following  relationship: 

#  «  \2Ety/(3fF  -  AA^) 

where: 

e  »  maximum  tensile  stress, 

E  «  modulus  of  elasticity, 

/  ••  thickness  of  specimen, 
y  «  maximum  deflection  (between  outer  supports), 

H  distance  between  outer  supports,  and 
A  ^  distance  between  inner  ai^  outer  supports. 

The  dimensions  are  ofien  chosen  so  that  A  =  H/4. 

10.4J  An  alternative  method  of  calculating  the  elastic 
stress  between  the  inner  supports  is  as  follows: 

where: 

k  distance  between  inner  supports,  and 
y  deflection  between  inner  supports. 

(This  equation  is  a  special  case  of  10.4.1  when  A  «  0.) 

10.4.3  The  above  relationships  are  based  on  small  ^flec¬ 
tions  (y//f  less  than  0.1).  In  sheet-gage  bent-beam  specimens 
the  d^ections  are  usually  large,  and  thus,  the  relationships 
are  only  approximate.  To  obtain  more  accurate  stress  values, 
use  for  (Ablation  a  prototype  specimen  equipped  with 
strain  gages.  This  prototype  spectmen  should  have  the  same 
dimensions  as  the  test  specimens,  and  should  be  stressed  in 
the  same  way. 

10.4.4  In  four-point  loaded  specimens  the  maximum 
stress  occurs  between  the  contact  points  with  the  inner 
supports;  in  this  area  the  stress  is  constant  From  the  inner 
supports  the  stress  decreases  linearly  toward  zero  at  the  outer 
6UKX>rts. 

10.5  I>o«&/€^fieam5pe!c/men^TheH>edmensha]lconsist 
of  two  fiat  strips  25  to  51  mm  (I  to  2  in.)  wide  and  127  to 
254  mm  (5  to  10  in.)  long.  Bend  the  strips  against  each  other 


over  a  centrally  located  ^cer  until  both  ends  of  the 
.  specimens  touch.  Hold  them  in  this  position  by  welding  the 
ends  together  as  shown  in  Fig.  l(^)  (Note  8).  An  equivalent 
procedure  for  bolted  specimens  is  d^cribed  on  pp.  319*321 
of  Ref  (2). 

10.5.1  Calculate  the  clastic  stress  for  the  midportion  of  the 
specimen  (between  contact  points  of  the  spacer)  in  the  outer 
fibers  of  the  doublebeam  specimens  from  the  following 
relationship: 

_ 3a£ _ 

-(*///))[! +(2*//)^)] 

where: 

^  maximum  tensile  stress, 

E  «  modulus  of  elasticity, 
t  =  thickness  of  spedmen  strip, 
s  =  thickness  of  spacer, 

//  -  see  Fig.  l(<f ),  and 
h  =  length  of  spacer. 

10.5.2  When  the  length  of  the  spacer  k  is  chosen  so  that  H 

2h  the  equation  in  10.5.1  is  simplified  to: 

If  =  3Ets/fP 

10.5.3  The  above  relationships  are  based  on  small  deflec¬ 
tions  {s/H  being  less  than  0.2).  In  sheet-gage  bent-beam 
specimens  the  deflections  are  usually  large,  and  thus,  the 
r^tionships  art  only  approximate.  To  obtain  more  accurate 
stress  values,  use  for  calibration  a  prototype  specimen 
equipped  with  strain  gages.  The  protot]^  spedmen  should 
have  the  same  dimensions  as  the  test  spedmens,  and  should 
be  stressed  in  the  same  way. 

10.5.4  In  douUe-beam  spedmens  the  maximum  stress 
occurs  between  the  contact  points  with  the  spacer;  in  this 
area  the  stress  is  constant.  From  the  contact  with  the  spacer 
the  stress  decreases  linearly  toward  zero  at  the  en^  of 
specimens. 

Nctte  8 — If  the  test  is  to  be  conducted  in  nn  electrolyte,  the  spacer 
shall  be  made  of  the  same  material  as  the  spedmen  (or  of  an  electricany 
nonoondiicting  material  such  as  glass,  ceramic,  etc.)  to  prevent  gahranic 
action  between  specimen  and  spacer.  See  also  6.1.2  and  Notes  4  and  5. 

11.  Qioice  of  Test  Gxiditions 

11.1  The  purpose  of  stress-corrosion  testing  is  to  simulate 
on  a  small  sede  the  conditions  (materials,  stress,  and 
environment)  that  exist  in  an  engineering  application.  The 
stresses  in  an  engineering  structure  can  be  varied:  operational 
(design)  stresses  and  residual  stresses  (from  heat  treatment  or 
fabrication).  Residual  stresses  are  frequently  the  more  impor¬ 
tant,  primarily  because  current  design  practices  and  close 
control  of  processes  have  kept  operational  stresses  well  below 
the  yield  strength  of  the  metal  in  use.  On  the  other  hand, 
magnitude  and  direction  of  residual  stresses  frequently  are 
difficult  to  predict  and  also  difficult  to  measure.  IXpending 
on  the  degree  of  restraint,  reridual  stresses  may  even  exceed 
the  initial  yield  strength  of  the  material. 

1 1.2  Generally  stress-oorrosion  testing  £aJls  into  two  broad 
categories:  (/)  evaluation  of  materials  for  a  specific  applica¬ 
tion,  and  (2)  comparison  of  the  relative  behavior  of  several 
materials  or  environments. 

1 1.2.1  To  evaluate  materials  for  specific  applications  the 
testing  conditions  should  be  representative  of  the  most  severe 
conditions  to  which  the  materials  would  be  subjected  in 
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senrice.  Testing  at  nominal  or  design  conditions  could  be 
misleading.  An  engineering  structure,  because  of  residual 
stresses,  is  expected  to  be  stressed  to  its  yield  strength  at  some 
points  even  if  the  design  stress  for  that  structure  is  appre¬ 
ciably  below  yield  stren^.  Thus,  the  use  of  the  elastically 
stressed  bent-beam  specimens  for  materials  evaluation  is  of 
limited  value. 

1 1.2.2  To  compare  materials  or  environments  for  relative 
stress^rrosion  behavior  the  test  conditions  may  be  only 
severe  enough  to  produce  vi^ng  d^rees  of  cracking  in  the 
alloys  of  interest,  in  mechanical  or  thermal  treatments  used, 
or  in  sensitivity  to  spediic  environments  investigated  By 
testing  a  set  of  specimens  at  a  series  of  stress  levels  the  stress 
dependence  of  allo]^  can  be  assessed.  The  bent-beam  spec¬ 
imen  is  very  well  suited  for  establishing  the  relative  merits  of 
several  alloys  for  the  relative  severity  of  several  environ¬ 
ments. 

11.3  Ideally,  the  environmental  test  conditions  should  be 
the  same  that  would  prevail  in  the  intended  use  of  the  alloys. 
In  choosing  a  set  of  test  conditions,  it  is  important  that  they 
(environment  and  stress)  be  well  defined  and  reproduciUe.  A 
detailed  discussion  is  given  by  Loginow  (6). 

12.  Spedmen  Exposure 

12.1  Expott  the  stressed  specimens  to  the  environment 
(gaseous  or  liquid)  of  interest  This  can  be  accomplished  by 
mounting  the  specimen  holders  on  appropriate  racks  and 
exposing  the  entire  rack  to  the  environment.  A  typical 
atmospheric  exposure  rack  is  shown  in  Fig.  4.  As  noted  in 

8.1  bent-beam  specimens  may  break  violently  and  thus  cause 
injury.  To  protect  personnel  and  to  prevent  spedmen  loss, 
drill  holes  in  spedmen  ends  and  holders,  and  secure  the 
spodmens  by  wires  to  their  holders. 

12.2  Determination  of  cracking  time  is  a  subjective  proce¬ 
dure  involving  visual  examination  that  under  some  condi¬ 
tions  can  be  very  difilcult,  as  noted  in  Section  13,  and 
depends  on  the  skill  and  experience  of  the  inspector. 

12.3  Laboratory  Exposure  of  Bent  Beams— In  both  alter¬ 
nate  and  sustained  immersion  of  bent  beams,  avoid  galvanic 
corrosion  between  fixtures  and  spedmens  as  discussed  in 


6.1.2  and  Notes  4  and  5,  It  should  be  recognized  that,  at 
points  of  contact  between  ^>edmen  and  foture,  crevice 
corrosion  may  occur  on  some  materials,  which  in  turn  may 
result  in  galvanic  protection  of  the  stressed  area.  If  this 
condition  occurs,  either  eliminate  the  crevice  or  consider  a 
different  kind  of  spedmen.  In  alternate  immersion  expose 
the  spedmen  to  allow  com^^ete  drainage  and  drying  of  the 
surfa^.  In  immersion  tests  arrange  the  spedmens  so  as  to 
prevent  contact  with  each  other.  In  both  sustained  and 
alternate  immersion,  the  solution  volume  should  be  large 
enough  to  prevent  depletion  of  corrosive  agents.  In  elevated- 
temperature  tests,  m^e  arrangements  to  reflux  the  solution 
to  maintain  a  constant  concentration. 

12.4  Atmospheric  Exposure  of  Bent  Beams — ^Expose  the 
spedmens  in  an  area  that  is  representative  of  the  atmo¬ 
spheric  conditions  interest 

13.  Inspection  of  Spedmens 

13.1  As  continuous  observation  of  spedmens  is  usually 
impractical,  inspect  spedmens  for  appearance  of  cracks  at 
predetermined  time  intervals.  These  intervals  are  usually 
increased  as  the  test  progresses,  because  the  logarithms  of 
observed  cracking  times  are  often  normally  distributed  as 
described  by  Loginow  (6)  and  by  Booth  et  al  (7). 

1 3.2  Determine  presence  of  cracks  by  visual  observation, 
usually  with  the  aid  of  a  5  to  10  power  magnifying  glass.  If 
the  spedmen  contains  only  one  or  a  few  cracks,  the  shape  of 
the  bend  can  be  considerably  changed,  predominantly  by 
kinking;  this  feature  helps  in  identifying  cracked  spedmens. 
However,  if  many  cracks  are  present  a  change  in  shape  may 
not  be  apparent.  It  should  also  be  noted  that  presence  of 
voluminous  corrosion  products  may  obscure  cracks,  thus 
making  a  careful  examination  mandatory.  In  these  instances 
metallographic  sectioning  of  the  spedmen  may  be  necessary 
to  detect  cracks. 

14.  Report 

14.1  Results  of  stress-corrosion  tests  with  bent-beam  spec¬ 
imens  are  expressed  as  the  time  to  produce  failure  by 
cracking  or  as  the  fraction  of  spedmens  that  have  cracked  in 
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a  fixed  time.  In  addition  to  the  cracking  time  the  following 
data  shall  be  reported: 

14.1.1  Specimen  identification^ 

14.1.2  Material  name  or  specification  code, 

14.13  Chemical  composition, 

14.1.4  Heat  treatment, 

14.13  Mechanical  properties, 

14.1.6  Type  and  orientation  of  specimen  used  and  surface 
condition  (hot  roUed,  oc^  rolled,  machined,  surface  ground, 
etc.). 


14.1.7  Applied  stress  (and  residual  stress,  if  knownX 

14.1.8  Details  of  specimen  preparation  if  difierent  from 
those  qxdfied  here  (or  if  not  specified), 

14.1.9  Detailed  description  of  test  environment,  and 

14.1.10  Remaiks  concerning  the  size  and  appearance  of 
cracks  may  be  included. 

15.  Keywords 

15.1  bent-beam;  constant  deformation;  constant  load; 
elastic  strain;  quantitative  stress;  stiess>-corrosion  cracking; 
stress^mosion  test  spsdmai 
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Standard  Practice  for 


Evaluating  Stress  Corrosion  Cracking  Resistance  of  Metals 

and  Alloys  by  Alternate  Immersion  in  3.5  %  Sodium  Chloride 
Solution^ 


■Wencnp*  <p«l«  (0  M  edilodil  chMge  »«*  ihe  ta  «»iik«  or  iwppwIS 


1.  Scope 

1.1  This  practice  covets  procedures  for  making  alternate 

corrosion  tests  in  3.5  %  sodium  chloride 
^aQ)  (Note  1).  It  is  primarily  for  tests  of  aluminum  alloys 
(Test  Method  G  47)  and  fenous  alloys,  but  may  be  for 
t^cr  metals.  It  sets  forth  the  environmental  conditions  of 
the  test  and  the  means  for  controlling  them. 

immenion  stress  cotiotion  exposuies  are  some- 
uma  made  in  subsotute  ocean  water  (without  heavy  metals)  prepared  in 
yj^^^***  Sperifi^on  p  I  Ml.  The  leneral  requirements  otthk 
present  piacuce  are  sIm  applicable  to  such  exposures  except  that  the 
^soluuon  oonoemratioo.and  the  solution  pH  should  be 
ns  specilied  in  Specification  D  1 141. 

1.2  This  practice  applies  only  to  tests  in  which  the 
tpecimens  are  accessible  to  the  surrounding  air  under 
conthtions  that  permit  drying.  It  does  not  cover  tests  in 
which  s^naens  are  placed  in  closed  containers  into  which 

5  pumped  and  the  specimens  not 

pemiittea  to  diy. 

1.3  This  practice  is  intended  for  alloy  development  and 
lor  applications  where  the  alternate  immersion  test  is  to  serve 
as  a  octroi  test  on  the  quality  of  successive  lots  of  the  same 
material.  Therefore,  strict  test  conditions  are  stipulated  for 
n^imum  B^urance  that  variations  in  results  are  attribut¬ 
able  to  vanauons  in  the  material  being  tested 

1.4  This  sumd<ud  does  not  purport  to  address  all  efthe 
solely  con^ms,  if  any,  associated  with  its  use  It  is  the 
responsibdUy  of  the  loer  of  this  standard  to  establish  appro- 
pntae  s^ety  am/  health  practices  and  determine  the  applica^ 
bihiy  of  regulatory  limitations  prior  to  use. 

2.  Referenced  Documents 
2.1  ASTM  Standards: 

S I  !«i  for  Substitute  Ocean  Watcr^ 

D 1 193  Specification  for  Reagent  Water* 

E  3  Methods  of  Pre^ration  of  Mctallographic  Specimens* 
oi  Practice  for  Preparing,  Cleaning,  and  Evaluating 
Corrosion  Test  ^imens*  * 


O-I  ^  juriuUetioB  of  ASTM  Cbmmittoe 

^  Aanuat  BotJt 


..UTO  «  o  .4  -  75.  LMt  pwrious  ttHtio.  C  44 
»  Amfua  Book  of  ASTM  SltnOarBs,  Vol  I  I.Ol, 

]kmiualBoakorASIMSunUMs.\ti  11.01. 

*  Aiowal  Book  of  ASTM  Simt/aMs,  Vol  03.01. 
•AmaM  Book  of  ASTM  StomlaMs,  Vol  03.02. 


0 16  Guide  for  Applying  Statistics  to  Analysis  of  Corro¬ 
sion  Data* 

G47  Test  Method  for  Determining  Susceptilnlity  to  Stiess- 
Qm^on  Cracking  of  High-Strength  Aluminum  Alloy 
Products*  ' 

3.  Summary  of  Practice 

3.1  The  altenrate  iinmeision  test  utilizes  a  1-h  cycle  that 
mcludes  a  K^min  period  in  an  aqueous  solution  of  3.5  % 
s^um  chloride  (NaQ)  followed  by  a  50>min  period  out  of 
Uie  soluuon,  during  which  the  specimens  are  allowed  to  dry 
This  l-h  cycle  is  continued  24  h/day  for  the  total  number  of 
days  rmmmended  for  the  particular  alloy  being  tested. 
Typify,  aluininum  and  ferrous  alloys  are  exposed  from  20 
to  90  days  or  lon^r,  depending  upon  the  resistance  of  the 
alloy  to  corrosion  by  saltwater. 

4.  Significaiice  and  Um 

4.1  The  3.5  %  NaQ  alternate  immersion  procedure  is  a 
geneim,  all-purpose  procedure  that  produces  valid  compari- 

I»rt«ularly  when  specimens  are 
expe^m  hi^  l^ds  of  applied  stress  or  stress  intensity. 

nu  wmic  the  alternate  immersion  test  is  an  accelerated 
tested  IS  conadered  to  be  itprcsentalivc  of  certain  natural 
‘I  “  intended  to  predict  performance  in 
spcQah^  ^emical  environments  in  which  a  di^erent 

**  f'o*’  “ample,  it  does  not 

premet  the  performance  of  alummum  alloys  in  highly  acidic 
wwnmtmts  such  as  hcat^  inhibited  red  fumingSic  add 
cases,  the  results  of  the  alternate  immer- 

h^n2»Kr  s^cance  until  a  relationship  has 

^n  established  between  it  and  antidpated  service  endron- 
ixients. 

4.3  While  the  test  is  appUcable  in  some  degree  to  all 
CQually  discriminative  of  all  even 
the  same  metal  system.  Consequently,  information 
^ould  be  established  to  allow  comparisons  of  performances 

^oy  of  mterest  in  the  alternate  immersion  test  and  in 
natural  envuonments. 

5.  Interferences 

5.1  A  Advantage  of  the  3.5  %  NaQ  alternate  immer- 
aon  test  for  certain  high-strength  aluminum  alloys  is  the 
iwre  pi^ng  foat  develops  in  the  spedmens.  Su<*  pitline 
^  interfere  with  the  initiation  of  stress<orrosion  cracL  and 

complicate  the  interpi^ 
lauon  of  the  stress  oortoston  test  results.  This  is  particularty  a 
problem  with  copper-bearing  aluminum  alloys^en  ^ 
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with  specimens  of  small  cross  section.  Thorough 
metallographic  examination  of  the  specimens  is  necessary  for 
proper  diagnosis  of  the  cause  of  failure  and  separation  of 
stress  corrosion  failures  from  those  caused  by  mechanical 
overload. 

5.2  An  advantage  of  the  substitute  ocean  water  (Note  1)  is 
that  it  causes  less  pitting  corrosion  of  aluminum  alloys  than 
the  3.5  %  NaCl  solution. 

6.  Apparatus 

6.1  Method  of  Cycling — Any  suitable  mechanism  may  be 
used  to  accompli^  the  immersion  portion  of  the  cycle 
provided  that:  (1)  it  achieves  the  specified  rate  of  immersion 
and  removal,  and  (2)  the  apparatus  is  constructed  of  suitable 
inert  materials.  The  usual  methods  of  immersion  are: 

6.1.1  Specimens  placed  on  a  movable  rack  that  is  period¬ 
ically  lowered  into  a  stationary  tank  containing  the  sdution. 

6.1.2  Specimens  placed  on  a  hexagonal  Ferris  wheel 
arrangement  which  rotates  every  10  min  through  60*  and, 
thereby,  passes  the  specimens  through  a  stationary  tank  of 
solution.  Use  of  a  Ferris  wheel  continuously  rotating  at  a  rate 
of  I  revolution  per  hour  is  not  recommended  for  very  large 
specimens  for  which  the  rate  of  immersion  would  be  slower 
than  that  specified  in  6.2. 

6.1.3  Specimens  placed  in  a  stationary  tray  open  to  the 
atmosphere  and  having  the  solution  moved  by  air  pressure, 
nonmetallic  pump,  or  gravity  drain  from  a  reservoir  to  the 
tray. 

6.2  Rale  of  Immersion — The  rate  of  immersion  and 
removal  of  the  spedmens  from  the  solution  should  be  as 
rapid  as  po^ble  without  jarring  them.  For  purposes  of 
standardization,  an  arbitrary  limit  shall  be  adopted  such  that 
no  more  than  2  min  dapse  from  the  time  the  first  portion  of 
any  specimen  is  covei^  (or  uncovered)  until  it  is  fully 
covert  (or  uncovered)  by  solution. 

6.3  Materials  of  Construction: 

6.3.1  Materials  of  construction  that  come  in  contact  with 
the  salt  solution  shall  be  such  that  they  are  not  affected  by 
the  oonrodent  to  an  extent  that  they  can  cause  contamination 
of  the  solution  and  change  its  corrosiveness. 

6.3.2  Use  of  inert  plastics  or  glass  is  recommended  where 
feasible. 

6.3.3  Metallic  materials  of  construction  should  be  selected 
from  alloys  that  are  recommended  for  marine  use  and  of  the 
same  general  type  as  the  meuls  being  tested.  Preferably,  all 
metal  parts  should  be  protected  with  a  suitable  corrosion- 
resistant  coating  that  al^  satisfies  paragraph  6.3.1. 

6.4  Specimen  Holders: 

6.4.1  Specimen  holders  should  be  designed  to  electrically 
insulate  the  specimens  from  each  other  and  from  any  other 
bare  metal.  When  this  is  not  possible,  as  in  the  case  of  certain 
stressing  bolts  or  jigs,  the  bare  metal  contacting  the  specimen 
should  be  isolated  from  the  corrodent  by  a  suitable  coating. 
Protective  coatings  should  be  of  a  type  that  will  not  leach 
inhibiting  or  accelerating  ions  or  protective  oils  over  the 
noncoated  portions  of  the  specimen.  Coatings  containing 
chromates  are  to  be  particulariy  avoided. 

Note  2 — Coatings  ihtt  have  been  sitisfactorily  used  by  several 
laboratories  are  described  in  Appendix  XI. 

6.4.2  The  shape  and  form  of  specimen  supports  and 
holders  should  be  such  that: 


6.4.2. 1  They  avoid,  as  much  as  possible,  any  interference 
of  free  contact  of  the  specimen  with  the  salt  solution. 

6.4.2.2  They  do  not  obstruct  air  flow  over  the  specimen, 
thereby  retarding  the  drying  rate. 

6.4.2.3  They  do  not  retain  a  pool  of  solution  in  contact 
with  the  specimen  after  the  immersion  period. 

6.4.2.4  Drainage  from  one  specimen  does  not  directly 
contact  any  other  specimen. 

7.  Reagents 

7.1  R^ent  grade  sodium  chloride  (NaCH)  shall  be  used 
conforming  to  the  specifications  of  the  Committee  on 
Analytical  Reagents  of  the  American  Chemical  Society, 
where  such  specifications  are  applicable  (see  Note  1).^ 

7.2  The  solution  shall  be  prepared  using  distilled  or 
deionized  water  conforming  to  the  purity  requirements  of 
Specification  D  1 193,  Type  IV  reagent  water  except  that  for 
this  practice  the  values  for  chloride  and  sodium  shall  be 
disregarded. 

8.  Solution  Conditions 

8. 1  Concentration — The  salt  solution  shall  be  prepared  by 
dissolving  3.5  ±  0.1  parts  by  weight  ofNaG  in  96.5  parts  of 
water. 

8.2  Solution  pH: 

8.2.1  The  pH  of  the  salt  solution,  when  freshly  prepared, 
shall  be  within  the  range  from  6.4  to  7.2.  Only  diluted, 
reagent  grade  hydrochloric  acid  (HG)  or  reagent  grade 
sodium  hydroxide  (NaOH)  shall  be  used  to  adjust  the  pH. 

8.2.2  Experience  has  shown  that  periodic  adjustment  of 
pH  is  not  necessary  when  the  minimum  volume  of  solution 
is  met  and  the  solution  is  replaced  at  the  specified  interval. 
For  a  new  testing  facility,  however,  it  is  recommended  that 
daily  pH  measurements  be  made  for  one  week  to  verify 
stable  operation  and  adjustments  made  if  required.  If  the 
solution  is  used  longer  than  the  recommended  interval  (8.6), 
a  pH  measurement  and  any  necessary  adjustment  should  be 
made  at  least  weekly. 

8.3  Temperature-^A  freshly  prepared  solution  should  be 
allowed  to  come  to  within  3*C  of  the  specified  room 
temperature  before  bdng  used  (9. 1. 1).  Thereafter,  no  control 
is  required  on  the  solution  temperature  per  se.  Instead,  the 
room  air  temperature  is  controlled  and  the  solution  is 
allowed  to  reach  temperature  equilibrium. 

8.4  Minimum  Volume — The  volume  of  the  test  solution 
should  be  large  eiK>ugh  to  avoid  any  appreciable  change  in  its 
corrosiveness  either  through  exhaustion  of  corrosive  constit¬ 
uents,  or  the  accumulation  of  corrosion  products  or  other 
constituents  that  might  significantly  affect  further  corrosion. 
An  arbitraiy  minimum  ratio  between  the  volume  of  test 
solution  and  area  of  specimen  (including  any  uncoated 
accessories)  of  32  mL/cm^  (200  mL/in.^)  of  specimen  area  is 
recommended. 

8.5  Replenishment  rf  Water  Lost  by  Evap- 


•  Outmicak,  Americon  Ckemicat  Society  Specificotions,  American 

Cbemicil  Society,  Washington,  DC  For  suggestions  on  the  testing  of  re^nu  not 
listed  by  the  American  dbemical  Sodely,  see  Anatar  Suuutards  for  Laboratory 
Chemicals,  BDH  Ltd^  Poole,  Donet,  U  JC,  and  the  United  States  Pharmacopeia 
and  Notional  Formulary,  VS,  Pharmaoeuticnl  Coa¥entioa,  Inc.  (USPCV. 
RockviUc,  MD. 
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oration  losses  should  be  made  up  by  frequent,  at  least  daily, 
additions  of  water  of  the  required  purity  {12).  Evaporaticm 
losses  must  NOT  be  replenished  with  the  salt  solution.  The 
airnplest  and  recommended  procedure  is  to  initially  fill  the 
solution  to  a  liquid  level  line  and  refill  to  that  line  daily. 
Automatic  constant  liquid  level  devices  may  be  used,  but  are 
not  required.  An  alternative  method  is  to  chedc  the  solution 
with  a  hydrometer  and  add  the  necessary  amount  of  water  to 
bring  the  salt  concentration  to  3.5  %. 

8.6  Replacement  of  iSb/urjon-— Fresh  solution  shall  be 
prepared  weekly.  At  such  time,  the  portions  of  the  apparatus 
that  contact  the  solution  should  be  cleansed  by  flushing  with 
wato.  More  frequent  r^lacement  of  solution  may  be 
required  for  certain  steels  if  severe  rusting  occurs. 

9.  Air  Conditions 

Nora  3— Other  than  tcropmtuTB  and  humidity,  the  gaseous  and 
particulate  makeup  of  the  laboratory  atmosphere  is  beyond  the  scope  of 
this  itoommended  practio^  However,  testers  are  cautioned  not  lo 
ttpM  speamens  in  the  vianity  of  obvious  fumes  or  aiibome  contain- 
laatm,  and  to  consider  the  possibility  of  such  contamination  if  unusual 
itsulu  are  obtained. 

9.1  Temperature: 

9.1.1  The  air  temperature  shall  be  maintained  at  27  ±  TC 
(80  ±  2*F)  throughout  the  entire  test  cycle. 

4— When  a  luge  Fenis  wheel  appanhu  it  used  tuch  that  the 
tpcn'mfni  travel  through  lemal  feet  of  height,  cara  must  be  taken  to 
temperatures  at  aU  height  leveb  are  within  the 

prescribed  bmits. 

9.2  Relaiive  Humidity— Ibe  percent  relative  humidity  of 
the  air  shall  be  controlled  at  45  ±  10  %  throughout  the  entire 
testoycie.. 

Nora  5— Ore  be  taken  to  avoid  overnisht  and  weekend 

m  the  operation  of  the  laboraloiy  heating,  ventilating,  and  air 
oonditoning  equipment  which  could  result  in  systematic  excunions 
outsiae  the  temperature  and  humidity  control  ranges.  Occasional 
exeuniona  iriated  to  power  outage,  mechanical  bihire,  or  weather 
oondiuons  shall  be  rtooided. 

9.3  Air  Circ^ation: 

9.3.1  Air  circulation  is  recognized  to  be  an  important 
consderation  because  it  affects  both  the  rate  at  which 
Vecimens  d^  and  the  loss  of  water  by  evaporation.  Op¬ 
timum  conditions  for  air  circulatton  have  not  been  estab- 
Ushed,  but  the  recomroendations  described  in  9.3.2  should 
be  followed. 

9.3.2  The  most  important  consideration  is  to  achieve  the 
moderate  specimen  diying  conditions  stipulated  in  112. 
Beeausc  various  testing  fecilitics  use  different  immenion 
appmtus  and  room  sizes,  individual  experimentation  is 
r^umed  to  achieve  adequate  diculation.  A  mild  circulation 
of  air  is  recommended  with  two  precautionary  consider¬ 
ations; 

9.3.2.1  Drying  by  forced  air  blasts  on  the  specimens  is  not 
^mmended  because  of  difficulty  in  maintaining  uniform 
drying  of  large  groups  of  ^;>ecimens. 

9.322  Stagnant  air  conditions  should  be  avoided. 

10.  Calibration  and  Standardization 

10.1  When  a  new  test  facility  is  established,  calibration 
Aress  <XMTosion  tests  should  be  conducted  to  determine  how 
the  results  obtained  compare  with  published  data  on  well 


established  alloys.  Such  tests  are  best  made  on  products  of 
simple  geometry  with  uniform  grain  structure,  such  as  rolled 
bar  stock  or  plate. 

10.2  It  is  recommended  that  each  testing  &ci]ity  maintain 
•  *wpply  of  a  control  lot  of  stress  corrosion-susceptible 
material  ^t  can  be  exposed  periodically  to  demonstrate  the 
reproducibility  of  its  test  procedure.  Preferably  this  should  be 
marerial  for  which  a  l^tory  of  performance  in  natural 
environments  is  available. 

11.  Procedure 

11.1  Period  of  -Totally  immerse  specimens  in  the 
salt  solution  for  10  min  of  each  hour  and  then  remove  from 
the  solution  and  allow  to  dry  for  50  min.  Continue  cycle  24 
h/tiay  for  the  specified  period  or  until  failure  occurs,  with 
interruptions  only  for  changing  solution  or  examining  spec¬ 
imens* 

Note  6— To  tome  extern  this  is  tn  arbitrary  cycle,  but  h  has 
considerable  historical  usage  and  correlation  with  exposures  to  natural 
atmospheres.^ 

1 1.2  Specimen  Drying — As  with  air  circulation  (9.3),  no 
fixed  procedure  has  been  established,  and  probably  cannot 
be  unless  a  standardized  immersion  apparatus  and  test 
chamber  are  adopted.  The  objective,  however,  is  to  ensure 
that  all  specimens  dry  stowly  during  the  50-inin  period. 
Because  they  differently,  specimens  with  different 
accrued  corrosion  films  will  <hry  at  different  rates.  New 
specimens  with  little  aocmmulated  corrosion  products  be¬ 
come  dry  in  about  15  min,  while  other  specimens  with  an 
accumulation  of  corrosion  product  and  salt  should  be 
allowed  about  40  min  to  dry. 

I^OTE  7-^Uae  of  heated  air  to  promote  drying  »  not  pemined 
bMuie  elevated  lemperatuiet  can  have  eflectt  other  than  acceleration 
of  the  drying  prooeai. 

11.3  Conewrem  Exposure  Various  AUoys^Do  not 
expose  specin^ens  of  different  base  metals,  aluminum, 

magnesium,  etc.,  concurrently  in  the  same  salt 
solution.  For  maximum  assurance  of  reproducibility,  do  not 
expose  specimens  of  low  alloy  content  to  the  same  solution 
for  ^mens  of  high  alloy  content  if  the  alloying 
element  differs  ^ptcciably  from  the  metal  in  the 
galvamc  series  in  salt  water.  For  example,  specimens  of 
coppcr-frec  aluminum  alloys  should  not  be  exposed  with 
tpe^ens  from  alloys  containing  copper  greater  than  about 

11.4  Test  Duration: 

11.4.1  The  duration  of  test  shall  be  determined  by  the 
inherent  resistance  to  corrodon  of  the  alloy,  the  configun- 
toon  of  the  test  specimen,  and  the  object  of  the  test. 
Appropn^  exposure  periods  are  determined  by  correlation 
service  environments  with  caution  to  avoid  interference 
effects  draimbed  in  Section  4.  Termination  of  a  test  run  with 
Bonfailed  nin-ouf*  ^imens  should  be  governed  by  a 
stototical  sigmficaace  test  between  the  final  exposure  Ume 
and  tongest  fulure  tomes  observed  on  susceptible  items  in 
accordance  with  Guide  G  16. 


»  RcMBt,  H.  B.,  “Stiw  Comsion  Tat  Envinmmentt  ud  Tot  DunticNu.* 
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11.4.2  When  the  purpose  of  the  test  is  control  of  the 
quality  of  production  lots,  the  test  duration  shall  be  as 
required  in  pertinent  specifications  or  standards. 

12.  Cleaning  Specimens 

12.1  After  exposure,  spedmens  should  be  rinsed  with 
water  and  then  cleaned  as  soon  as  possible;  otherwise,  they 
will  continue  to  corrode  because  the  accumulated  salt  and 
corrosion  products  are  hygroscopic.  It  is  important  that  the 
specimens  be  cleaned  as  thoroughly  as  possible  by  recom¬ 
mended  methods  of  cleaning,  such  as  Practice  G  1. 

Nonra  g— Geitaia  p<^*iest  appraisals,  such  as  fiactographic  examina¬ 
tion  at  high  magnification,  may  require  ^cial  cleaning  methods. 


13.  Interpretation  of  Results 

13.1  Interpretation  of  the  test  results  will  vary  with  the 
type  of  specimen  used  and  the  alloy  being  tested.  Consider¬ 
ations  that  are  common  to  all  stress  corrosion  tests  indude: 

13.1.1  Stress  corrosion  test  specimens  that  do  not  show 
obvious  cracks  should  be  examined  at  low-power  magnifica¬ 
tion  (10  to  30x)  for  incipient  cracks.  In  some  cases, 
metallographic  examination  (see  Method  £3)  may  be  re¬ 
quired  to  verify  freedom  from  cracking. 

13.1.2  Representative  failed  specimens  should  be  exam¬ 
ined  inetaliographically  to  verify  failure  was  caused  by  stress- 
corrosion  cracking.  Stress-corrosion  cracking  in  aluminum 
alloys  and  certain  other  alloys  is  typically  intergranular. 

13.1.3  Any  isolated  or  unusual  failures  should  be  closely 
scrutinized  to  determine  whether  such  data  should  be 
induded  in  the  analyses  of  the  data  or  discarded. 


14.  Report 

14.1  Report  ihe  following  essentia!  information: 

14.1.1  Identification  of  alloy  (or  composition  if  not  con¬ 
forming  to  registered  alloy  designation), 

14.1.2  Product,  temper,  and  section  thickness  of  material 
tested,  including  reference  to  applicable  product  spedfica- 
tion, 

14.1.3  Sampling  procedure:  size  and  location  of  sample 
with  respect  to  the  as-fabricated  material,  if  available, 

14.1.4  Spedmen  details:  type,  size,  and  grain  orientation 
of  test  spedmen,  and  number  of  replicates, 

14.1.5  Level(s)  of  stress  or  stress-intensity  and  method  of 
loading, 

14.1.6  Duration  of  test,  and 

14.1.7  Notation  of  any  deviation  in  test  procedure  from 
that  set  forth  in  preceding  paragraphs. 

14.2  Other  information  that  may  be  desirable  in  certain 
types  of  reports  includes: 

14.2.1  Surface  condition  of  the  specimens,  including  any 
protective  coatings  or  surface  working  treatments, 

14.2.2  Volume  of  solution  to  metal  surface  area  ratio, 

14.2.3  Description  of  the  type  of  alternate  immenion 
apparatus, 

14.2.4  Methods  used  to  clean  spedmens  both  before  and 
afler  exposure,  and 

14.2.5  listing  of  individual  tabular  data  for  each  spec¬ 
imen,  plus  results  of  supporting  metallographic  examina¬ 
tions. 

15.  Keywords 

15.1  accelerated  corrosion  test;  alternate  immersion  test; 
aluminum  alloys;  ferrous  alloys;  quality  control  test;  sodium 
chloride  solution;  stress  corrosion  cracking 


APPENDIX 

(Nonmandatory  Information) 

XI.  SATISFACTORY  PROTECTIVE  COATINGS  FOR  USE  IN  ALTERNATE  IMMERSION  TESTS 


XI.  1  The  following  list  of  coatings  is  merely  a  suggested 
guide  and  is  not  intended  to  be  mandatory  or  exclusive: 

XI.  1.1  Maskeoat  No.  2  manufactured  by  Western 
Coating  Co.,  Box  598,  Oakridge  Station,  Royal  Oak,  MI 
48073.  This  is  a  cellulose  acetate  butyrate  base  with  plasti¬ 
cizers  added.  It  is  obtained  in  bricks  which  must  be  melted, 
177  to  188*C  (350  to  370*F).  The  portions  to  be  coated  arc 
dipped  in  the  melt  and  allowed  to  air  cool,  usually  less  than 
5  min  rcquired.  Use  of  Maskeoat  Primer,  by  the  same 
company,  is  recommended  for  better  adhesion  at  the  edges 
of  the  coating.  The  coating  is  tough,  resilient,  and  trans¬ 
parent  and  can  be  stripped  without  solvents.  It  may  darken 
when  heated  for  long  periods,  so  it  is  advisable  not  to  heat 
longer  than  necessary.  If  darkening  has  not  occurred  and  the 


coating  is  clean,  it  can  be  recycled.  Care  should  be  taken 
during  application  to  avoid  contact  with  the  skin,  as  severe 
burns  can  result 

XI. 1.2  Gaco  N-700A  (black)  produced  by  Gates  Engi¬ 
neering  Div.  of  Gliddcn  Co„  Wilmin^n,  DE  19898.  This  is 
a  solvent  base,  liquid  neoprene.  Thinned  with  Gaco  Neo¬ 
prene  Thinner  N’450-U,  it  can  be  applied  by  any  conven¬ 
tional  paint  technique  and  air  dries  in  a  few  hours  or 
overnight  depending  on  the  film  thickness  applied.  It  is 
removed  by  dissolving  in  the  above  thinner  or  other  suitable 
solvent,  such  as  acetone. 

XI. 1.3  Turco  Form  Mask  544  produced  by  Turco  Prod¬ 
ucts,  24600  South  Main  St,  Wilmington,  CA  90745.  Good 
stripping  characteristics. 
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1.  Scope 

1.1  This  test  method  covers  a  uniform  procedure  for 
diara(^erizing  the  resistance  to  stress-conosion  cracking 
(SCX^  of  high-strength  aluminum  alloy  wrou^t  products  for 
the  guidance  of  those  who  peiform  stress-corrosion  tests,  for 
those  who  prepare  stress-corrosion  specifications,  and  for 
materials  engineers. 

1.2  This  test  method  covers  method  of  sampling,  type  of 
specimen,  q;>ecimen  preparation,  test  environment,  and 
method  of  exposure  for  determining  the  susceptibility  to 
SOC  of  high-strength  2XXX  (wth  1.8  to  7*0  %  copper)  and 
7XXX  (with  0,4  to  2,8  %  copper)  aluminum  alloy  products, 
particularly  when  stressed  in  the  short-transverse  direction 
relative  to  the  grain  structure. 

1.3  The  values  stated  in  SI  units  are  to  be  regarded  as 
standard.  The  inchrpound  units  in  parentheses  are  provided 
fcnr  information. 

1.4  This  standard  may  Involve  hazardous  materials^  cper^ 
ations,  and  equipment.  This  standard  does  not  purport  to 
address  all  qfthesqfety  problems  associated  with  its  use,  his 
the  responsibility  qf  the  user  of  thb  standard  to  establish 
appropriate  scfety  and  health  practices  and  determine  the 
applicability  qf  regulatory  limitaiitms  prior  to  use, 

2.  Referenced  Documents 

2.1  ASTM  Standards: 

G38  Practice  for  Making  and  Using  the  C-Ring  Stress- 
Corrosion  Cracking  Test  Specimen^ 

G44  Practice  for  Evaluating  Stress  Corrosion  Cra^ng 
l^istance  of  Metals  and  Alloys  by  Alternate  Immersion 
in  3.5%  Sodium  Chloride  Solution^ 

G49  Practice  for  Preparation  and  Use  of  Dir^  Tension 
Stress  Corrorion  Specimens’ 

3.  Summary  of  Test  Method 

3. 1  This  test  method  provides  a  comprehensive  procedure 
for  accelerated  stress-corrosion  testing  high-strength  alu¬ 
minum  alloy  product  forms,  particularly  when  stressed  in  the 
short-transverse  grain  direction.  It  specifies  tests  of  constant- 


•  TWf  ten  method,  which  wu  developed  by  ■  Joint  task  group  with  tbe 
Aluminum  AssodaUoA.  luc^  b  under  tbe  jurisdiction  of  ASTM  Committee  G-I 
on  CbnosioB  of  Metals,  and  b  the  direct  responsibility  of  Subcommittee  G0L06 
on  Sliess  Conorion  Cmckiug  and  Oonosion  Fatigue. 

Cunent  edition  approved  March  30,  19W.  Published  May  1990.  Originally 
published  as  G  47  -  76.  Last  previous  edition  O  47  -  79  ( 1984)'  *. 

^Amnud  B€Miktd'ASTMSlattdanh\Vo\oym, 
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strain-loaded,  3.18-mm  (0.12S-in.)  tension  specimens  or 
C-rings  exposed  to  3.S  %  sodium  chloride  (NaCl)  solution  by 
alternate  immersion,  and  includes  procedures  for  sampling 
various  manu&ctur^  product  forms,  examination  of  ex¬ 
posed  test  qieciniens,  and  interpretation  of  test  results. 

4.  Signifkanoe  and  Use 

4.1  Tbe *3.5%  NaQ  solution  alternate  immersion  test 
provides  a  test  environment  for  detecting  materials  that 
would  be  likely  to  be  susceptible  to  SCC  in  natural  outdoor 
environments,  espedaliy  environments  yvith  marine  influ¬ 
ences.^’*^  For  determining  actual  serviceability  of  a  material, 
other  stress-corrosion  tests  should  be  performed  in  the 
intended  service  environment  under  conditions  relating  to 
the  end  use,  including  protective  measures* 

4.2  Although  this  t^  method  is  intended  for  cert^n  alloy 
types  and  for  testi^  products  primarily  in  the  short- 
transverse  stressinig  direction,  this  method  is  useful  for  some 
other  types  of  alloys  and  stressing  directions. 

5.  Interferences 

5.1  A  disadvantage  of  the  3.5  %  NaQ  solution  alternate 
iminersion  test  is  that  severe  pitting  may  devdop  in  the 
specimens.  Such  pitting  in  tension  specimens  with  relatively 
smi^  cross  section  can  markedly  reduce  like  effective  oross- 
scctional  area*  and  produce  a  net  section  stress  greater  than 
the  nominal  gross  section  stress,  resulting  in  eithen  (a) 
fiacture  by  mechanical  overload  of  a  material  that  is  not 
susceptible  to  SCO,  or  (b)  SCC  of  a  material  at  an  actual 
stress  higher  than  the  intended  nominal  test  stress.  The 
occurrence  of  either  of  these  phenomena  might  then  inter¬ 
fere  with  a  valid  evaluation  of  materials  with  relatively  high 
resistance  to  stress  corrosion. 

6.  Test  Specimen 

•  6.1  Type  and  Slze^Ho  single  configuration  of  test  sp^ 
imen  is  applicable  for  the  many  complex  shapes  and  sizes  of 
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products  that  must  be  .evaluate  A  tension  specimen  is- 
preferred  because  it  more  consistently  provides  definite 
evidence  of  cracking  and  should  be  used  whenever  the  sze 
and  shape  of  the  product  permits;  it  also  provides  a  more 
severe  test* 

6.1.1  Tension  Specimen— ’The  diameter  of  the  reduced 
section  shall  be  3.17  ±  0.03  mm  (0.12S  ±  0.001  in.). 

6A2  C-Ring  (see  Practices  G  38)— The  use  of  C-rings 
permits  short-transverse  tests  to  be  made  of  sections  that  are 
too  thin  or  complex  for  practical  tests  with  a  tension  - 
Spedmen.  C-rings  may  be  of  various  dzes  as  required  for  the 
product  to  be  tested,  but  in  no  case  less  th^  1S.88  ±  0.05 
mm  (0.625  ±  0.002  in.)  in  outside  diameter.  The  ratio  of 
diameter  to  wall  fhicicness  shall  be  kept  in  the  range  finm 
11:1  to  16:1.  ■ 

6.2  Stressing  l)irectlon: 

6.2.1  Short-Transverse  Tests: 

6.2.1.1  For  specific  material  thicknesses  of  38.10  mm 
(1.500  in.)  and  over,  the  tension  specimen  shall  be  used. 

6.2.1.2  For  specified  material  thicknesses  of  17.78 
throu^  38.08  mm  (0.700  through  1.499  in.),  a  C-iing  shall 
be  used.  A  tension  specimen  may  be  used  if  consistent  with 
the  provisions  of  Practice  G  49, 

6.2.2  For  other  stress  din^ons'in  materials  of  6.35  mm 
(0.250  in.)  and  over,  the  tehsipn.  specimen  shall  be  used. 

6.3  Surface  Preparation— Test'  specimens  shall  be 
degreased  prior  to  exposure. 

7.  Sampling  and  Number  of  Tests  • 

7.1  Unless  ofiierwise  q>edfiedi  tests  shall  be  performed  in 
the  short-transverse  direction;  the  intention  is  to  orient  the 
specimen  so  that  the  applied  tensile  stress  is  perpendicular  to 
the  metal  flow  lines  and  in  the  short-transverse  direction 
rdative  to  the  gi^  structure.  In  rolled  or  extruded  sections 
that  are  approximately  round  or  square,  there  is  no  true 
short-transverse  direction  because  in  a  transverse  plane  the 
graiiu  tend  to  be  equiaxial;  and,  in  such  cases,  the  stress 
should  be  directed  amply  in  the  transverse  dire^on.  If,  in 
certain  unusual  cases,  the  grain  structure  is  or  tends  to  be 
equiaxial  also  in  the  longitudinal  direction,  the  stress  Shall  be 
applied  in  a  direction  parallel  to.  the  smallest  dimension  of 
the  product. 

12  Location  ttf  Specimens; 

7.2.1  For  products  stress  relieved  by  stretching  (TX51, 
TX5 10,  TX5 1 1,  TXX5 1,  TXX5 10,  T3(X5 1 IX  samples  shaU 
not  be  taken  from  the  portion  undtf  the  stretcher  grips. 

7.2.2  Rolled  Pib/e-^ort-transVerse  specimens  shall  be 
taken  so  that  the  region  of  maximum  stress  is  centered  on  the 
mid-plane  of  the  {date  and  at  least  2*h  plate  thidcnesses  away 
fiom  a  side  of  the  plate,  (^e  side  of  the  plate  is  defined  as 
the  edge  parallel  to  the  rolling  direction.) 

7.2.3  Hand  Forg/rtgr-— Short-transverse  specimens  shall 
be  taken  so  that  the  stress  is  applied  in  a  direction  perpendic¬ 
ular  to  the  forging  flow  lines.  The  region  of  maximum  stress 
shall  be  centered  in  the  forging  thickness  and  approximately 
on  the  longitudinal  center  Une  of  the  for^ng;  no  less  than  'A 
the  section  thickness  away  Grom  “as-heat  treated”  edges  of 
the  forging 

7.2.4  Die  Forgings — ^Because' of  the  wide  variety  of  con¬ 
figurations  of  die  forgings,  guidelines  are  provided  for  only 
certain  common  types  of  shapes  that  are  widely  used. 


Short-transverse  specimens  shall  be  taken  so  that  the  stress  is 
.  applied  in  a  direction  perpendicular  to  the  foiging  flow  lines 
and,  if  possible,  with  the  i^on  of  maximum  stress  centered 
on  ^e  parting  plane.  The  metal  flow  pattern  in  die  forgings 
cannot  always  be  predicted,  so  only  a  few  general  rules  are 
given,  and  they  are  illustrated  in  Rg.  1.  Departures  from 
these  rules  should  be  made  only  on  the  basis  of  a  study  of 
forging  flow  lines  indicating  that  the  intended  type  of  test 
would  not  be  obtained.  In  every,  case,  a  diagram  should  be 
filed  with  the  test  results  to  illustrate  specimen  locations  and 
orientations. 

7.2.4.1  Flanges— ’The  centerline  of  the  specimen  shall  be 
12.70  ±  1.27  mm  (0.500  ±  0.050  in.)  finm  the  base  oL  the 
fillet  of  the  flarii  except-for  flanges  that  are  too  thin,  in  which 
case,  the  a>ecimen  should  be  centered.  . 

7.2.4.2  Flat-Top  2)/e— The  tension  specimen  should  be 
perpendicular  to  the  parting  plane  and,  if  possible,'  centered 
in^ewidthi 

7.2.4.3  Boss  or  Small  Cylinder— The  C-ring  specimen 
should  be  centered  on  the  parting  plane  and  with  the  outside 
diameter  of  the.i^  being  1.52  ±  0.25  mm  (0.060  ±  0.010 
in.)  from  the  forgirig  surface  (see  Fig.  1). 

7.2.4.4  Large  Cylinder— ^The  centerline  of  tension  speci¬ 

mens  shall  be  12.70  ±  1.27  mm  (0.500  ±  0.050  in.)  from  the 
base  of  the  flash.  If  a  C-ring  is  required,  its  outside  diameter 
shall  be  1.52  ±  0.25  mm  (0.060  ±  0.010  in.)  from  the  foiging 
sqrfiice  (see  Fig.  IX  '  . 

12,5  EMruded,  Rolledi  or  Cold  Finished  Rod,  Bar,  and 
Shapes: 


ff 


MUifcCyUoder  . 

Notk— Slmtarlo  ttwk  of  typksal  mwhirMKl  part. 

FIQ.  1  Rooommended  Spedmon  Typo  «nd  Location  for  Various 
Configurations  of  Die  Forgings 
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7^,5. 1  Widtlhto-Thlckness  Matio  Greater  than  ^-^hoit^ 
transverse  q)ecimen8  shall  be  taken  so  that  the  region  of 
maximum  stress  is  centered  in  the  section  thicknessi  at  least 
one  section  thickness  away  tom  ^e  sides  of  the  product.  In 
the  case  of  complex  coniigurations  ibr  wUch  the  grain 
directionality  cannot  be  predicted,  specimen  iocation  shall 
be  determined  by  means  of  macroetched  tranwerse  sections 
to  ensure  a  short*transverse  specimen  end  to  avoid  regions  of 
nearly  equiaxial  (transverse)  grain  flow. 

7.2.S.2  Width-to-nickness  Ratio  ^  2  or  Speci* 
mens  shali  be  centered  in  the  section  thickness  so  that  the 
region  of  maximum  stress  application.will  be  at  least  one  half 
the  section  thickness  away  tom  a  fabricated  surface^  if 
possible.  These  specimens  shaU  be  conddered  to  have  a 
"transverse”  orientation  to  the  grain  structure.  When  C*rings 
are  required,  they  shall  be  taken  to  that  the  region  of 
maximum  tensile  stress  is  3.18  ±  0.25  mm  (0.12S  ±  0.010 
in.)  tom  the  product  surface. 

7.3  Numbar  of  Specimens— Vot  eadi  sample,  which  shall 
be  uniform  in  thickness  and  grain  structure,  a  minimum  of 
three  adjacent  r^licate  specimens  shall  be  tested. 

8.  Test  Environment 

8. 1  Corrosion  Test  Environment— Spedmens  shall  be  ex¬ 
posed  to  the  alternate  10-min  immersion— 50-min  drying 
cycle  in  accordance  with  Practice  O  44. 

8.2  Length  of  Exposure— Tht  test  duration  for  3.18.mm 
(0.125-in.)  tension  specimens  and  C-rings  shall  be  10  days 
for  2XXX  alloys  or  20  days  for  7XXX  alloys,  unless 
oacking  occurs  sooner.  For  specimens  to  be  tested  in  the 
long  transverse  direction,  the  test  duration  should  be  40  days. 
Longer  nonstandard  test  durations  are  likely  to  cause  failures 
of  the  3.18-mm  tension  spedmens  as  a  result  of  severe 
pitting  as  described  in  5.1.  There  shall  be  no  interruptions 
except  as  required  for  periodic  inspection  of  spedmens  or 
changing  of  the  solution. 

9.  Procedure 

9.1  Method  of  Loading: 

9.1.1  Tension  Specimens— Stress  tension  spedmens  in 
"constant  stnun"-t)pe  fixtures,  as  in  Fig.  3  of  Practice  O  49. 

9.1.2  C-rings— Stress  C-rmgs  by  a  method  that  provides 
constant  strain  and  produces  a  tensile  stress  on  the  ring 
outside  diameter  in  accordance  with  Practice  G  38. 

9.2  Magnitude  of  Applied  Stress— Stress  spedmens  to  one 
or  more  levels  as  spedfied  or  at  required  to  determin<» 
comparative  stress  corrosion  resistance.  The  applicmion  of  a 
stress  less  than  about  103  MPa  (15  ksi)  is  not  practicable. 

Examination  tf  Specimens: 

9.3.1  Interim  Inspection:  Visually  inspect  spechnens  each ' 
working  day  for  evidence  of  cracking  without  removal  of 
corrosion  prodimts.  Inspection  may  be  facilitate  by  wetting 
the  spedmen  with  the  test  solution  and  by  examination  at 
low  magnifications. 

93^  F/itn/  Examination — Perform  final  examination  at  a 
magnification  of  at  least  lOX  on  all  surviving  spedmens  aller 
deaning  them  in  concentrated  (709S)  nitric  add  (HNO,)  at 
room  temperature  followed  by  a  water  rinse.  SMtion  and 
metallographically  examine  any  C-iing  tint  is  considered 
suspect,  as  evidenced  by  linear  pitting,  to  determine  whether 
or  not  see  is  present  Similar  examination  of  fiactured  or 


eradeed  tendon  specimens  also  can  be  useflil  to  verify  See 
as  the  cause  of  failure. 

10.  Interpretation  of  Results 
lOA  Criterion  tf  Failure: 

10.1. 1  A  sample  shall  he  considered  to  have  toiled  the  test 
if  one  or  more  of  the  specimens  fail,  except  fiiat  the  rdest 
ptovidons  of  Section  1 1  shall  apply. 

10.1.2  A  spedmen  fiiat  has  fractured  or  which  exhibits 
cracking  shall  be-  conddered  as  a  stress  oorrosioh  failure 
unless  proved  otherwise  by  the  provisions  of  10.2'  and  lOJ. 

•10.2  Macroscopic  Examination— Cts/Mag  should  be 
dearly  diftorentiated  tom  lined-up  pitting.  If  the  presence  of 
see  is  questionable,  metallographio  examinations  should  be 
performed  to  determine  whether  or  not  SeC  is  present 

Noib  1— tVhen  a  ipedmen  fractum  within  a  relatively  short  time 
aAer  exposure  (ten  days  or  less),  meiallognphic  examination  is  not 
aeoessaiy  because  such  sapid  failures  are  characteiisticaUy  due  to  SOC. 

10.3  Melallographic  Examination: 

10.3.1  A  spedmen  that  reveals  intergranular  cracking, 
even  when  accompanied  by  transgranular  cracking,  xhaii  be 
considered  as  an  SOC  fhilure.  Intergranular  fissures  that  are 
no  deeper  than  the  width  of  localized  areas  of  intergranular 
c(»rosion  or,  in  the  case  of  C-rings.  not  deeper  than  those  in 
unstressed  or  compiessivdy  stres^  surtoces,  shall  not  be 
considered  as  an  SCO  failure.  In  the  case  of  tension  sped¬ 
mens,  the.deptii.  of  intergranular  fissures  may  be  compared 
to  those  in  an  unstressed  spedmen  when  available. 

10.3.2  A  qrecimen  that  reveds  only  {fitting  emrodon  (that 
is,  no  intergranular  attack),  or  pitting  plus  transgranular 
craddng,  shall  not  be  considered  as  an  SCO  failure. 

NOib  2— Transgranular  cracking  in  the  absence  of  intergranular 
•attack  only  ocenn  in  pitted  medment  under  extremely  Ugh  stiets 
(intensity)  and,  for  the  purpose  of  this  recoihmmded  practice,  it  nm 
oonsideted  as  a  criterion  of  S(7C. 

11.  Retesting  and  Resampling 

1  i.l  Retesting  sl^  be  permitted  only  if  a  single  spedmen 
'toils  by  sec  in  which  case  three  replicate  qyedmens  shall  be 
tested.  If  any  retest  qrddmen  toils,  the  samide  shall  be 
considered  to  have  failed  the  test. 

1 1.2  If  any  tollure  is  due  to  improper  preparation  of  the 
spedmdi  or  to  incorrect  testing  technique^  or  if  the 

is  found  to  be  not  representative  of  the  material,  the 
spedmen  shall  be  discarded  and  another  medmen  substi¬ 
tuted. 

-  11.3  Wbdi  res^pling,  the  required  specimens  shall  be 
taken  from  the  original  sample  if  possible,  or  from  another 
sample  of  the  same  lot  of  material 

12.  Report 

-  12.1  Report  the  following  information: 

12.1.1  Results  of  all  test^  includiiig  type  and  giTe  at 
spedmen,  orientation  of  spedmen  and  num^  of  ledicates, 
atres  level  arid  timra  to  failure. 

12.U  Identification  of  alloy,  temper,  product  form,  and 
thickness  of  materials  tested,  inducting  reference  to  appli¬ 
cable  specifications. 

12.U  Any  deviation  from  the  procedures  outlined  above. 
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failure  as  a  function  of  the  arithmetic  mean. 

■  13.2  The  alternate  immetrion  test  results  obtained  by  this 
test  method  dosd^  parallded  the  results  of  atmospheric 
exposures,  especially  at  the  seacoast  Specific  comparisons 
varied,  however,  dqpending'  on  the  condition  of  the  alloy,  the 
level  of  appli^  stress,  and  the  type  of  atmospheric 
environment^’^ 

13  J  infnrmfltinn  relating  to  tiw  predrion  and  bias  of  the 
iintthnrtu  of  stressing  the  test  specimens  is  given  in  Practices 
G38and049. 


Mean  Time  to  Faujuke^  Days  (/«) 

nCL  2  7076  AUoy  Short  TramvorM  3.16  mm  Tonalon  Spochhoiis  SIrassod  at  Vartoua  Laveto  and  Exposed  In  QuIntupUeata  to  34  %  NaCI 

Solution  by  Altemata  Immersion  par  Praellea  O  44 


13.  Predsiou  and  Bias 

13.1  Data  on  the  precision  of  test  results  obtained  by  this 
test  method  were  derived  from  interlaboratoty  tests  of  2124 
and  7075  alloys.  The  repeatability  and  reproducibility  of  t^ 
test  results  were  good  for  spedmens  with  either  a  high  (rapid 
fiulures)  or  a  very  low  suscq)tibility  (no  failures)  to  SCXl 
However,  the  vaiialulity  was  conriderable  for  tests  of  speci¬ 
mens  with  intermediate  susceptibility.  This  is  riiown  in  2 

by  the  increase  in  repeatability  stancterd  deviation  of  times  to 
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Standard  Test  Method  for 

Performing  a  Stress-Corrosion  Cracking  Test  of  Low  Copper 
Containing  Al-Zn-Mg  Alloys  in  Boiling  6  %  Sodium  Chloride 
Solution'* 

This  standard  is  iuued  under  the  fixed  desigAition  G  103;  the  lumber  immediatdy  foUowing  the  deacnation  indicates  the  year  of 
original  adoption  or,  in  the  case  of  revision,  the  year  of  last  revisba.  A  Dumber  in  parentheses  indicates  the  year  of  last  reapproval  A 
siipencript  qtailoo  (c)  indicates  an  editorial  change  since  the  last  irvisioa  or  reapproval. 


INTRODUCTION 

Continuous  immersion  in  boiling  6  %  sodium  chloride  solution  historically  was  considered  to  be 
an  effective  accelerated  SCO  testing  medium  for  Al-Zn-Mg-Cu  alloys  (1,  2),^  but  in  more  recent 
years,  the  3.5  %  sodium  chloride  alternate  immersion  test  (Practice  G  has  become  the  favored 
test  medium  for  the  high  o^per  (1.0-2.6  %  Cu)  7XXX  series  alloys  (3, 4).  Evidence  to  date  shows, 
however,  that  the  boiling  6  %  so^um  chloride  stress  corrosion  test  correlates  better  with  outdoor 
atmospheric  exposure  than  the  Practice  G  44  test  for  the  7XXX  series  alloys  containing  little  or  no 
copper  (5, 4,  7, 8), 


**  Note— This  test  method  was  editorially  icaumbered  in  April  1994. 


1.  Scope 

1.1  This  stress  corrosion  test  method  is  intended  for 
statically  loaded  smooth  non-welded  or  welded  specimen 
tests  of  7XXX  series  AUZn^Mg  alloys  containing  less  than 
025  %  copper. 

1.2  This  standard  may  in  vo/ve  hazardous  materials,  oper¬ 
ations,  and  equipment.  This  standard  does  not  purport  to 
address  all  of  the  setfety  problems  associated  with  its  use.  It  is 
the  responsibility  of  the  user  of  this  standard  to  establish 
appropriate  safety  and  health  practices  and  determine  the 
applicability  of  regulatory  limitations  prior  to  use.  Sec 
Se^on  9  for  additional  precautions. 


2.  Referenced  Documents 

2.1  ASTM  Standards: 

B  580  Specification  for  Anodic  Oxide  Coatings  on 
Aluminum^ 

D 1 193  Spixifications  for  Reagent  Watcr^ 

G1  Practice  for  Preparing,  Qeaning,  and  Evaluating 
Corrosion  Test  Specimen^ 

G 15  Terminology  Relating  to  Corrosion  and  Corrosion 
Testing^ 

G30  Practice  for  Making  and  Using  U-Bcnd  Stress- 
Corrosion  Test  Specimens^ 


‘  Thii  mt  method  ii  under  Uie  jurisdictioo  of  ASTM  Committee  OOI  oa 
Corrotion  of  Mctik  and  b  the  direct  respocuibility  of  SuboommUiee  G01.06  oi 
Strea  ConoMoo  Cracking  and  Corrorion  Fatigue. 

Current  edition  approved  Feb.  24,  1989.  Published  May  1989. 

>  The  boldface  numben  in  parentheses  refer  to  the  list  of  referei^ei  at  the  end 
of  this  sandaid. 

^AnmmlBook  fg ASTM  &aaAard$,  Vol  02.05. 

^Arnmd  Book  of  ASTM  Standards,  Vol  11  jOI. 

^  Annual  Book  of  ASTM  Standards,  Vol  03X12. 


G38  Practice  for  Making  and  Using  C-Ring  Stress- 
Corrosion  Test  Specimens^ 

G39  Practice  for  Preparation  and  Use  of  Bent-Beam 
Stress-Corrosion  Test  Specimens^ 

G44  Practice  for  Evaluating  Stress  Corrosion  Cracking 
Resistance  of  Metals  and  Alloys  by  Alternate  immersion 
in  3.5  %  Sodium  Chloride  Solution^ 

G  47  Test  Method  for  Determining  Susceptibility  to  Stress- 
Corrosion  Cracking  of  High-Strength  Aluminum  Alloy 
Products^ 

G  49  Practice  for  Preparation  and  Use  of  Direct  Tension 
Stress  Corrosion  Test  Specimens^ 

G58  Practice  for  Preparation  of  Stress  Corrosion  Test 
Specimens  for  Weldments^ 

3.  Summary  of  Test  Method 

3.1  Stressed  specimens  of  Al-Zn-Mg  alloys  are  totally 
immersed  in  boiling  6  %  sodium  chloride  solution  for  up  to 
168  h.  Various  types  of  smooth  test  specimens  and  methods 
of  stressing  may  be  used.  Performance  is  based  on  time  to 
visual  cracking. 

4.  Significance  and  Use 

4.1  This  test  method  is  normally  used  as  a  stress  OMTOsion 
screening  test  for  the  development  of  Al-Zn-Mg  alloys 
containing  less  than  0.25  %  copper.  Generally,  effects  on 
stress  corrosion  resistance  due  to  variables  such  as  composi¬ 
tion,  thermo-mechanical  processing,  other  fabrication  vari¬ 
ables  and  magnitude  of  appHcd  stress  may  be  compared. 

4.2  For  a  given  mechanical  method  of  stressing,  the 
relative  stress  corrosion  resistance  of  the  low  copper  con¬ 
taining  Al-Zn-Mg  alloys  in  atmospheric  exposure  correlates 
better  with  performance  in  boiling  salt  test  than  with  other 
accelerated  corrosion  tests  (7).  In  addition,  this  is  a  faster  test 
than  other  laboratory  SCO  test  methods. 
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4.3  This  test  is  not  appHc^le  to  2XXX  (AI-Cu),  5XXX 
(Al-Ms)»  and  the  7XXX  senes  alloys  containing  more  than 

1.2  %  copper. 

4.3. 1  for  7XXX  series  aUoys  containing  between  0.25  % 
and  1.2  %  copper,  there  is  no  general  agreentent  as  to 
whether  this  method  or  Practice  G  44  correlates  better  with 
stress  corrosion  resistance  in  service  (5-9). 

5.  Apjmratiis 

5.1  Rgure  I  illustrates  one  type  ofapparatus  that  has  been 
used. 

5.2  Materials  of  Construction: 

5.2,1^  Materials  of  constniction  that  come  in  contact  with 
the  boiling  salt  solution  shall  be  such  that  they  arc  not 
affected  by  the  corrodent  to  an  extent  that  they  can  cause 
contamination  of  the  solution  and  change  its  corrosiveness. 

,  5-2.2  Use  of  glass  or  aluminum  containers  and  condensers 
IS  recommended. 

5.23  Metallic  materials  of  construction  should  be  limited 
to  copper  free  aluminum  alloys,  which  may  be  anodized  to 
provide  electrical  contact  resistance. 

53  Specimen  Holders~^Thc  ^xcimen  holders  should  be 
designed  to  electncally  insulate  the  specimens  from  each 
other  and  from  other  bare  metal.  An  anodized  aluminum 
bMa  has  been  found  to  be  awropriate.  (Satisfactory  anodic 
coating  may  be  Type  A  or  B,  Specification  B  580.)  Periodic 
ohmet^  checks  may  be  made  to  confirm  electrical  isolation 
of  specimen  and  anodized  holder. 

5.4  Heater  for  Sohahn: 


5.4.1  Heaters  must  be  of  sufficient  capacity  that  boiling 
temperature  can  be  maintained  and  solution  can  be  brought 
back  up  to  a  boil  within  10  min  after  the  introduction  of  test 
specimens. 

5.4. 1.1  Quartz  immersion  heaters  may  be  used. 

5.4. 1.2  Hot  plate  resistance  heaters  may  be  used. 

6.  Reagents  and  Solution  Conditions 

6.1  Reagent  grade  sodium  chloride  (NaQ)  shall  be  used.  It 

shall  conform  to  the  ^)edncations  of  the  (Committee  on 
Analytical  Reagents  of  the  American  Chemical  Society, 
where  such  specifications  are  applicable. 

6.2  Tte  6  %  NaQ  solution  shall  be  prepared  using  water 
informing  to  the  purity  requirements  of  Specification 
D  1 193,  Type  rv  reagent  water. 

6.3  Concentration — The  salt  solutions  shall  be  prepared 
« by  dissolving  6.0  ±  0.1  parts  by  weight  of  NaQ  in  94.0  parts 
of  water. 

6.4  Solution  pH^  shall  be  between  6.4  and  7.2.  The  pH 
may  be  adjusted  by  the  addition  of  dilute  reagent  grade  HQ 
or  NaOH  solutions.  (Sec  Practice  G  44.) 

6.5  Minimum  Fo/wne— The  volume  of  solution  should 
be  lai^  enough  to  avoid  any  appreciable  change  in  its 
corrosiveness  through  exhaustion  of  corrosive  constituents, 
or  the  accumulation  of  corrosion  products  or  other  constitu¬ 
ents  that  might  significantly  affect  further  corrosion.  A 
mimmum  ratio  between  the  volume  of  solution  and  area  of 
specimen  of  20  mL/in^  (0.32  L/dm*)  is  recommended. 

6.6  Reflux  condensers  are  required  in  order  to  prevent 
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evaporation  losses.  Condenser  material  can  be  glass  or 
copper-free  aluminum  alloy. 

6.7  Solution  should  be  tailing  throughout  the  test,  except 
for  the  first  few  minutes  after  specimens  are  immer^  into 
the  solution. 

6.8  Replacement  cf  Solution — New  solution  should  be 
used  for  each  test.  Solution  should  not  be  changed  during 
testing. 

7.  Test  Spedmeos 

7.1  Type  and  Size — ^No  single  configuration  of  test  spec¬ 
imen  is  applicable  for  the  many  complex  shapes  and  sizes  of 
products  that  can  be  evaluated  Bent  beam  (G  39)  and  U 
bend  (G  30)  are  useful  for  thin  products  while  C-rings  (G  38) 
or  tension  specimen  (G49)  are  more  suitable  for  heavier 
products  and  for  short  transverse  testing. 

12  Stressing  Direction  and  Magnitude  of  Stress^Kny  of 
the  three  primary  grain  directions  may  be  used.  The  magni¬ 
tude  of  stress  can  be  cither  within  the  elastic  range  or  beyoiui 
The  method  of  stressing  the  specimens  should  be  reproduc¬ 
ible  and  in  accordance  to  standard  procedures  for  the  type  of 
specimen  selected. 

7.3  Surface  Preparation — The  specimen  surface  should  be 
free  of  oil,  grease,  and  dirt.  This  usually  entails  washing  with 
organic  solvents  such  as  alcohol  or  acetone  and/or  the  use  of 
chemical  deoxidizing  solutions. 

7.4  There  is  no  need  to  provide  compensation  for  thermal 
expansion  effects  on  applied  stress. 

7.5  Number  of  Specimens — A  minimum  of  three  replicate 
specimens  shall  be  tested  for  each  sample  variable. 

8.  Safety  Precautions 

8.1  Care  should  be  taken  in  order  to  avoid  bums  from  hot 
surfaces. 

8.2  Appropriate  eye  protection  equipment  should  be  used. 
9*  Procedure 

9.1  Allow  solution  to  boil  for  a  minimum  of  10  min 
before  specimens  are  immersed. 

9.2  Stress  spedmens  shortly  before  immersion.  (Long 
delays  between  stressing  and  testing  should  be  avoided  unless 
the  stressed  specimens  are  kept  in  a  desiccator  at  a  relative 
humidity  less  than  5  %.) 

9.3  Inspection  Method  and  Frequency: 

9.3.1  Specimen  surfaces  should  be  examined  for  visual 
evidence  of  cracking  or  the  initiation  of  gas  evolution  from 
the  surface  in  areas  ^highest  stress.  (Usually  gassing  is  noted 
before  cracking.)  It  is  preferred  that  these  inspections  be  done 
in  situ,  which  can  be  accomplished  with  glass  reaction 
vessels.  If  the  spedmens  have  to  be  removed  from  the  boiling 
salt  solution,  t^n  the  time  out  of  solution  should  be  kept  to 
a  minimum,  no  more  than  5  min. 

9.3.2  In  research  and  devdopment  studies,  the  recom¬ 
mended  frequency  of  inspection  is  every  15  min  for  the  first 
2  h.  The  examinations  can  be  reduced  to  hourly  intervals  for 
the  next  6  h.  After  24  h,  the  inspection  period  can  be  reduced 
to  four  dafiy  inspections.  This  would  consist  of  2-h  intervals 


during  the  normal  8«h  working  day.  (Alternate:  For  Quality 
insurance  Testing  purposes,  alto  the  first  two  hours  of  the 
t^  periodic  inspections  can  be  made  at  2-h  intervals  during 
the  first  working  day.  Thereafter,  inspections  can  be  reduced 
to  twice  daily  for  the  balance  erf'  the  test) 

9.4  lime  to  first  visual  evidence  of  cracking  and  the  first 
gassing  shall  be  recorded. 

9.5  Test  Duration^K  maximum  of  168  h  is  recom¬ 
mended. 

9.6  Final  Examination — Give  all  specimens  a  final  in¬ 
spection  for  evidence  of  cracking  at  the  termination  of  the 
test 

10.  Interpretation  of  Results 

1 0. 1  Criterion  of  Failure — K  sp&dmen  shall  be  considered 
to  have  failed  when  there  is  visual  evidence  of  cracking.  This 
is  frequently  preceded  by  evidence  of  gas  (H2)  emission  at 
the  point  of  crack  initiation.  (Usually  all  ^ledmens  are  left  in 
the  test  solution  until  test  termination.) 

10.2  Macroscopic  Examination — Cracking  should  be 
clearly  distii^uishable  from  pit-fissures.  If  the  presence  of 
see  is  questionable,  metaliographic  examinations  should  be 
performed  to  determine  whether  or  not  See  is  present. 

10.3  Metallograiduc  Examination — ^At  least  one  of  the 
replicate  specimens  of  each  variable  should  be  cross  sec¬ 
tioned  and  examined  at  test  termination.  This  may  be 
optional  for  routine  study,  but  should  be  mandatory  in 
development  work. 

10.3.1  A  specimen  that  reveals  inteigranular  cracking, 
even  when  accompanied  by  transgranular  cracking,  shall  be 
considered  a  SCC  failure. 

10.3.2  A  specimen  that  reveals  only  pitting  corrosion  or 
pitting  plus  transgranular  cracking,  shall  not  be  considered  a 
SCC  failure.  Additionally,  in  the  absence  of  intergranular 
attack,  tran^ranular  cracking  is  not  considered  to  be  a  SCC 
failure  in  this  standard  method.  (See  G47.) 

11.  Reporting  Results 

11.1  Report  the  following  mformation: 

11.1.1  Results  of  all  tests,  including  type  and  mtc  of 
^lecimen,  orientation  of  specimen  and  number  of  replicates, 
solution  volume  to  surface  area  ratio,  stress  level,  and  time  to 
failure. 

11.1.2  Identification  of  alloy,  temper,  product  form, 
thickness  of  materials  tested  and  reference  to  applicable 
specifications. 

1 1 . 1.3  Any  deviation  from  the  procedures  outlined  above. 
12*  Predsioo  and  Bias 

12.1  The  precision  of  this  test  method  for  performing 
stress  corrosion  cracking  tests  of  low  copper  containing 
Al-2^-Mg  alloys  is  being  determined. 

12.2  No  justifiable  statement  can  be  made  on  the  bias  of 
this  test  method  because  the  reference  environment,  outdoor 
atmo^eric  exposure,  is  not  sufTiciently  defined  to  allow  a 
quantitative  assessment  of  bias.  However,  this  method  ranks 
materials  according  to  their  performance  in  marine  atmo¬ 
spheres,  as  shown  in  Refs  (5, 6,  7,  8, 10). 
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Standard  Test  Method  for 

Evaluating  Stre8S>Corrosion  Cracking  of  Stainless  Alloys  with 
Different  Nickel  Content  in  Boiling  Acidified  Sodium  Chloride 
Solution '' 


This  ttsndard  is  tMied  under  the  fixed  designatioii  O  123;  the  number  immediately  fiiDciwing  the  designation  indicates  the  year  of 
ori^nal  adoption  or,  in  the  case  of  revisioii,  the  year  of  Imt  leviskML  A  number  in  poicnthcaes  inHinsags  the  year  oTlaat  icapproval.  A 
sapeacript  epailon  (<)  indicates  an  editorial  cha^  since  the  last  reviaioa  or  leapproval. 


1.  Scope 

1.1  Thu  test  method  describes  a  procedure  for  conducting 
stress^iTosion  cracking  tests  in  an  acidified  boiling  sodium 
chloride  solution.  This  test  method  is  performed  in  25  %  (by 
mass)  sodium  diloride  acidified  to  pH  l.S  with  phosphoric 
acid.  This  test  method  is  concerned  primarily  with  the  test 
solution  and  glassware,  although  a  specific  style  of  U*bend 
test  specimen  is  suggested. 

1J2  This  test  method  is  designed  to  provide  better  correla¬ 
tion  with  chemical  process  industry  experience  for  stainless 
steels  than  the  more  severe  boiling  magnesium  chloride  test 
of  Practice  G  36.  Some  stainless  steels  which  have  provided 
satisfactory  service  in  many  environments  readily  crack  in 
Practice  G  36,  but  have  not  cracked  during  interiaboratory 
testing^  usipg  this  sodium  chloride  test  method. 

1.3  This  toiling  sodium  chloride  test  method  was  used  in 
an  interlabcuatory  test  program  to  evaluate  wrought  stainless 
steels,  including  dupto  (ferrite-austenite)  stainless  and  an 
alloy  with  up  to  about  33  %  nickel  It  may  also  be  employed 
to  evaluate  these  types  of  materials  in  the  cast  or  welded 
conditions. 

1.4  This  test  method  detects  imyor  effects  of  composition, 
heat  treatment,  microstructuie,  and  stress  on  the  suscepti¬ 
bility  of  materi^  to  chloride  stress-corrosion  cracking.  Small 
differences  between  samples  such  as  heat-to-heat  variations 
of  the  same  grade  are  not  likely  to  be  detected. 

1.5  The  values  stated  in  SI  units  are  to  be  r^aided  as  the 
standard.  The  values  given  in  parentheses  are  for  informa¬ 
tion  only. 

1.6  This  standard  does  not  purport  to  address  all  of  the 
safety  concerns,  if  any,  associcued  with  its  use.  It  is  the 
responsibility  of  the  user  of  this  standard  to  establish  appro¬ 
priate  safety  and  health  practices  and  determine  the  applica¬ 
bility  of  regulatory  limitations  prior  to  use.  For  specific 
hazard  statements,  sec  Section  7. 

2.  Referenced  Documents 

2.1  ASTM  Standards: 

D  1 193  Specification  for  Reagent  Watcr^ 


■  niis  test  method  is  imdcr  the  jurisdictioa  of  ASTM  Committee  G»l  on 
Cofvosioo  of  Metals  and  is  the  diitct  retpoostbility  of  Suboomniuee  00106  on 
Stivaa  CatTsman  Craddng  and  Cofraaion  Fatigue. 

Curreot  editios  approved  Apr.  10,  1996,  Publisbed  June  1996.  Origiiany 
pubhihedasQ  123  -  94.  Last  pivvious edition G  123  -  94. 

>  likteflabontory  tea  piogram  including  UNS  S30400,  S31600,  S32350,  and 
N08020.  Them  data  are  avaUable  at  ASTM  Hcadquarien,  1916  Race  Sc, 
Philaddphia.  PA  19103.  Request  RR  G0M0I3. 

^Aiutual  Bwk  ufASTU  Siamkrdx,  Vol  1 1.0I. 


£  8  Test  Methods  for  Tension  Testing  of  Metallic  Mate¬ 
rials^ 

£  691  Practice  for  Conducting  an  Interiaboratory  Study  to 
Determine  the  Predrion  of  a  Test  Method^ 

G 15  Terminology  Relating  to  Corrosion  and  Corrosion 
Testing 

G 16  Guide  for  Applying  Statistics  to  Analysis  of  Corro¬ 
sion  Data^ 

G  30  Practice  for  Making  and  Using  U-Bend  Stress  Corro¬ 
sion  Test  Specimens^ 

G36  Practice  for  Evaluating  Stress-Corrosioii-Cracldng 
Resistance  of  Metals  and  Alloys  in  a  Boiling  Magnesium 
Chloride  Solution^ 

G49  Practice  for  Preparation  and  Use  of  Direct  Tension 
Stress  Corrosion  Test  Specimens^ 

G 107  Guide  for  Formats  for  Collection  and  Compilation 
of  (corrosion  Data  for  Metals  for  Computerized  Data¬ 
base  Input^ 

3.  Terminology 

3.1  Definitions: 

3.1.1  For  definitions  of  corrosion-related  terms  used  in 
this  test  method,  see  Terminology  G  15. 

4.  Summary  of  Test  Method 

4.1  A  solution  of  25  %  sodium  chloride  (by  mass)  in 
reagent  v^ter  is  mixed,  and  the  pH  is  adjusted  to  1.5  with 
toosphoric  acid.  The  solution  is  toiled  and  U-bends  (or 
other  stressed  specimens)  are  exposed  in  fresh  solution  for 
successive  one-week  periods. 

4.2  The  test  may  be  continued  for  as  many  weeks  as 
necessary,  but  six  weeks  (about  1000  h)  or  less  are  expected 
to  be  sufficient  to  crack  susceptible  materials.  Longer  expo* 
sures  provide  greater  assurance  of  resistance  for  those  mate¬ 
rials  which  do  not  crack. 

4.3  It  is  recommended  that  samples  of  a  susceptible 
material,  for  example,  UNS  S30400  or  S31600  (Type  304  or 
Type  316  stainless,  respectively),  be  included  as  a  control 
when  more  resistant  materials  are  evaluated. 

5.  Significance  and  Use 

5.1  This  test  method  is  designed  to  compare  alloys  and 
may  be  used  as  one  method  of  screening  materials  prior  to 
service.  In  general,  this  test  method  is  more  useful  for 


^  Amma!  Book  of  ASThi  StandanU,  Vol  03.01, 
^  AmMol  Book  if  ASTM  Sta>darA%  Vol  14.02. 
*  Ammai  Book  if  ASTM  Standards,  Vol  03.02. 
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stainless  steeb  than  the  boiling  magnesium  chloride  test  of 
Piactioc  G  36.  The  boiling  magnesium  chloride  test  cracks 
materials  with  the  nickel  levels  found  in  relatively  resistant 
austenitic  and  duplex  stainless  steels,  thus  fnaiHn£  compari¬ 
sons  and  evaluations  Ibr  many  service  environments  dilii- 
cult 

5.2  This  test  method  is  intended  to  simulate  cracking  in 
water,  especially  cooling  waters  that  contain  chloride.  It  is 
m>t  intended  to  simulate  cracking  that  occurs  at  High 
temperatures  (greater  than  200*C  or  390*F)  with  chloride  or 
hydroxide. 

5.3  Correlation  with  service  experience  should  be  ob¬ 
tained  udien  possible.  Dif&rmt  chloride  environments  may 
lank  materials  in  a  different  order. 

5.4  In  interiaboratoiy  testing,  this  test  method  cracked 
annealed  UNS  S30400  and  831600  but  not  more  resistant 
materials,  such  as  annealed  duplex  stainless  steels  or  higher 
nickel  alloys,  for  example,  UNS  N08020  (for  example 
20Cb-3^  stainless).  These  more  resistant  materials  are  ex¬ 
pected  to  cia^  udien  exposed  to  Practioe  G  36  as  U-bends. 
Matoials  which  withstand  this  sodium  chloride  test  for  a 
longer  period  than  UNS  S30400  or  S31600  may  be  candi¬ 
dates  for  mme  Kvere  service  applications. 

^  5.5  The  repeatability  and  reproducibility  data  from  Sec¬ 
tion  1 1  and  Appendix  XI  must  be  considered  prior  to  use. 
Interiaboiatory  variation  in  results  may  be  expected  as 
occurs  wiA  many  oorrosion  tests.  Acceptance  criteria  are  not 
part  of  this  test  method  and  if  needed  art  to  be  negotiated  by 
the  user  and  the  inroducer. 

6.  Apparatus 

6.1  The  glassware  used  for  this  test  m^od  is  shown  in 
Fig.  1  and  is  as  follows: 

6.1.1  /7ask---IOO()-mL  Erienmeyer  flask  with  a  45/50 
ground-glass 

6.1.2  Condenser^  a  four-bulb  AUihn  condenser  with  a 
45/50  ground  glass  joint  (water-cooled  joint  suggested),  a 
waterji»ketatlca^20cm(8  in.)longanda  1  to  2.5  cm  (0.4 
to  0.95  in.)  long  drip  tip  is  used.  (Modified  Allihn  condensers 
with  no  drip  tip  and  condensers  with  longer  drip  tips  may 
produce  different  results.  These  alternate  Allihn  condenser 
designs  may  be  used  if  control  samples  of  susceptible  (for 
example,  UNS  S31600)  and  resistant  (for  example,  UNS 
N08020)  materials  are  included  in  the  study.) 

6.13  Hot  Fiate,  capable  of  maintaining  the  solution  at  its 
boiling  pdnt 

7.  Reagents 

7.1  Fwity  of  Reagems-^Rc^^x  grade  chemicals  shall  be 
used  in  all  tests.  Unless  otherwise  indicated,  it  is  intended 
foat  aU  reagents  shall  conform  to  the  specifications  of  the 
Committee  on  Analytical  Reagenu  of  the  American  Chem¬ 
ical  Society,  where  such  ^icdfications  are  available.*  Other 


tndemait  of  Gupeater  Tedmolpgy  Corix,  ReKlmf. 
•MfOtm  Chemicals,  Americmt  Chemical  Society  SpeqficatUms,  Aacrictti 

ucaial  SodeCy,  Waihiiiima.  DC  Rir  woHdoDi  M  the  leaii«  of  Mt 

iy  tke  Aiaeiic  CTkaiiif.l  Sockty,  Me  Analar  SUmdatA  for  Laboratory 
amucali,  BDH  Uil.  Foote.  Doran.  U.K,  ind  the  Vniitd  Xtairr 

•id  Nmloaal  Fanmdary.  US.  Pknuconaal  ComcniioiH  lie  (USPQ. 
]Udnffle,ka>. 


na  1  Apparatu*  Utad  lor  Straaa-Corroalon  Cracking  Teat 

grades  may  be  used  provided  it  b  first  ascertained  that  the 
reagent  is  of  sufficiently  high  parity  to  permit  its  use  without 
affecting  resuhs. 

7.2  Punty  of  fFoter— Solutions  shall  be  made  with  water 
of  purity  conforming  to  at  least  Type  IV  reagent  water  as 
qwdfied  in  Specification  D1193  (except  that  fw  this 
method  limits  for  chlorides  and  sodium  may  be  ignored). 

7.3  Sodium  Chloride  (NaCl)—K  sdution  of  25  %  NaQ 
^  mass)  acidified  to  pH  1.5  with  phosphoric  acid  (H^PO.) 
is  used.  The  solution  may  be  prepared  by  adding  750  g  HjO 
(750  mL)  to  250  g  NaO,  and  adjusting  to  pH  1.5  with 
H3PO4.  Varying  quantities  of  solution  may  be  prepared  and 
larger  amounts  may  be  stored  indefinitely  in  appropriate 
glassware.  The  pH  must  be  determined  prior  to  each  use. 

8.  Haxards 

8. 1  Normal  precautions  for  handling  boiling  liquid  should 
be  observed. 

8.2  All  heating  or  bdling  of  the  NaO  solution  should  be 
done  in  an  area  where  personnel  are  not  likely  to  accidentally 
bump  the  flask.  A  hooded  area  is  preferred. 

8.3  Minimum  personal  protective  equipment  for  handling 

boiling  sodium  chloride  should  indude  safety  or 

goggles,  face  shield,  kboiatory  coat,  and  rubber  gloves. 

Nore  I:  Ctiitte— U'tends  (sad  other  highly  stretied  trat  tpeci- 
■lens)  may  be  nuoeptible  to  high  rates  of  crack  propagation  and  a 

meciinea  containing  moK  than  one  crack  may  splinter  into  two  or  more 
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pieocL  This  my  alio  o(xur  due  to  a  cmcked  festndning  bolt  Due  to  the 
hithly  sutaied  oonditioD  in  a  U-bend  specimen,  these  pieces  may  leave 
the  yedmm  at  hi^  velocity  and  can  be  dan^eroiis. 

9.  Test  Spedmeos 

9.1  U-bends  are  preferred  but  other  stress  corrosion 
cfBcldog  spedxnens  may  be  used  with  this  test  solution.  The 
qiecimen  style  chosen  should  provide  suffident  stress  to 
crack  less  resistant  materials  (for  example,  UNS  S30400  or 
S31600)  in  1000  h  or  less).  (Sec  Annex  Al.)  R^ardlcss  of  the 
specimen  style,  it  is  fccommended  that  UNS  S30400  or  UNS 
S31600,  or  both,  be  induded  as  controls. 

92  The  test  specimen  must  be  thick  enough  so  that  the 
applied  stress  not  cause  mechanical  rupture  of  less 
resistant  materials  if  the  cross  section  is  reduced  by  pitting  or 
general  corrosion. 

9.3  The  size  of  ahernate  spedmens  (other  than  those  in 
Annex  Al)  must  allow  a  solution  volume  to  spedmen 
surface  area  ratio  of  at  least  5:1  mL/cm^  (33  mL/in.^). 

9.4  A  minimum  of  four  replicates  (two  per  is 
required  because  of  the  variability  typical  in  stress-corrosion 
testing. 

9.5  Methods  of  fabricating  U-bend  spcdmem  are  pro¬ 
vided  in  Annex  Al.  These  procedures  are  based  on  Practice 
G  30»  but  in  addition  provide  a  spedmen  that  fits  through  a 
45/50  ground-glass  joint.  Assurance  that  the  legs  are  stressed 
sufiidently  by  the  bolt  is  also  provided. 

9.5.1  Other  methods  of  produdng  U-bends  described  in 
Practice  G  30  may  be  used;  however,  during  exposure  the 
U-bends  must  be  (a)  in  the  plastic  range  and  (6)  stressed  to 
the  maximum  iqiplied  tensile  load  experienced  during  fabri- 
catiem.  The  same  method  must  be  used  to  ^bricate  all  the 
U4>ends  in  a  given  study. 

9.5.2  The  boU,  nut,  and  flat  washer  must  be  made  of  a 
mater^  resistant  to  general  emrosion,  pitting,  and  stress 
corrosion  cracking  in  the  environment  UNS  N10276  (Alloy 
C-276)  is  recommended  because  some  other  materials  (for 
example,  titanium  or  UNS  N06600  [Alloy  600])  may  be 
attacked  resulting  in  an  increase  in  solution  pH. 

9.5.3  The  metallic  fastener  must  be  electrically  isolated 
from  ^  specimen  by  a  rigid  shoulder  washer,  (that  is, 
ziiconia  or  another  material  that  will  not  be  compressed 
during  the  test). 

9.5.4  The  extended  end  of  the  bolt  may  require  cutting  to 
fit  into  the  test  vessel. 

10.  Procedure 

10.1  Stress  the  specimens,  examine  at  20x,  and  replace 
any  specimens  with  cracks  or  other  defects. 

Nonre  2— >Tbe  direction  and  intensity  the  incident  U^t  may  atiect 
ciack  detection  during  the  20k  examination. 

10.2  Degrease  in  a  halogen-free  solvent  or  laboratory 
detergent,  rinse  as  necessary,  and  dry.  It  is  best  practice  to 
stress  the  specimens  immediately  before  the  beginning  of  the 
test  Any  storage  of  the  specimens  should  be  in  a  dean 
endosuie.  A  desiccant  such  as  silica  gel  may  be  used.  The 
specific  level  of  relative  humidity  is  not  important  for  the 
alloys  of  interest 

10.3  Place  duplicate  q;)edmcns  in  each  1000-mL 
Erienmeyer  flask.  Duplicate  flasks  (four  specimens)  are 
necessary  to  evaluate  a  given  sample  of  the  spedfic  material. 


material  condition,  etc.  (The  spedmens  may  be  placed  in  the 
flasks  after  the  solution  has  been  added,  if  oonvenient) 

10.4  The  specimens  in  each  flask  must  be  kept  separate 
and  completely  submerged.  Tight  crevices  between  the 
stressed  (bend)  area  and  any  means  of  specimen  support 
should  be  avoided  The  stressed  area  should  be  free  from 
direct  contact  with  heated  surfaces.  Spedmens  may  be 
supported  on  glass  rods  or  tubes  or  by  glass  fixtures. 

10.5  Drop  boiling  chips’ into  the  flasks. 

10.6  Add  600  mL  of  25  %  NaQ  solution,  pH  1.5  to  each 
flask.  When  each  flask  contains  two  U-bends  as  described  in 
Aimex  Al,  the  solution  volume  to  sample  surface  area  ratio 
is  5:1  mL/cm^  (33  mL/in^. 

10.7  Place  lijc  flasks  on  a  hot  plate  and  insert  the 
condenser.  Begin  recording  the  test  duration  when  the 
solution  begins  boiling.  The  boiling  point  during 
interlaboratory  testing  was  106  to  1 10*C  (223  to  230*F). 

10.8  After  one  week  remove  the  fla.<k  firom  the  hot  plate, 
determine  the  final  pH  of  the  sdution  at  room  temperature, 
and  discard  the  remaining  solution.  A  final  pH  over  about 

2.5  suggests  that  general  corrosion  or  pitting  of  the  specimen 
or  fastening  device  has  occurred  A  pH  at  this  level  is 
expected  to  reduce  the  test  severity  and  may  delay  or 
preclude  failures  of  UNS  S31600.  More  rapid  cracking  of 
UNS  S31600  appears  likely  witha  final  pH  of  about  2  or  less. 

10.9  Rinse  and  dry  the  ^^ecimens.  Examine  the  bend 
area,  and  area  adjacent  to  the  crevice  (at  the  fastener)  at 
20x  for  cracking.  See  Note  3.  Record  location  of  cracks. 
Additional  exposures  or  metallographic  evaluation  may  be 
used  to  determine  if  questionable  indications  are,  in  fact, 
stress-corrosion  cracks. 

Nora  S— -Any  cracldng  at  the  fiuteiier  is  vny  Mkdy  due  to  readual 
itiencs  and  more  aggremve  acdution  which  may  be  fonned  in  orevioea 
If  crevices  are  e^weted  in  servioe  (due  to  design  of  aendoe  equipment  or 
depositsX  a  U-bend  spedmen  employing  a  crevice  on  the  bend  may  be 
evaluated. 

10.10  Periodic  removal  of  the  specimens  firom  the  solu¬ 
tion  may  be  necessary  during  the  first-week  to  determine  the 
time  when  cracks  first  appear.  Removal  of  the  ^lecimens  is 
expected  to  disturb  local  corrosion  cdls  and  may  influence 
test  results.  AH  qxcimens  in  a  given  test  program  should 
have  the  same  removal/examination  schedule.  When  the 
time-lo-ciack  is  recorded,  the  test  duration  at  the  previous 
examination  (no  cracks)  should  also  be  noted. 

10. 1 1  Expose  for  additional  one-week  periods  as  neoes- 
sapr.  Fresh  solution  must  be  used  for  each  exposure  and  the 
initial  and  final  pH  (at  room  temperature)  must  be  recorded 
weekly.  See  10.8  i^arding  the  effect  of  the  final  pH. 

10.12  After  the  final  20x  examination  (following  the  last 
test  period)  remove  the  fostener  and  examine  the  crevice 
areas  at  20x  for  craddng. 

10.13  A  final  examination  for  cracks  may  be  performed 
by  additionally  bending  the  specimens  until  the  ends  of  the 
kgs  toudi.  This  may  expose  tight  cracks  which  were  not 
previously  detected.  The  additional  bending  may  not  be 
appropriate  for  materials  whmh  are  susceptible  to  hydrogen 
embrittlement  in  this  environment  Do  not  re-expose  sped- 


*  Ampboteric  ahiodum  gniHiks,  lucfa  m  Heogw  tnm  the  Hensv 

Co>,  Philwldphia,  PA  kave  been  found  satubctoiy  lor  this  puipoK.  An  equiviknl 
nty  bennd. 
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mens  after  this  additional 

10.14  Ruimircd  spedmem  should  also  be  examined  fcH' 
evktenoe  c(  mechanical  iaUuie  resultiDg  from  the  action  of 
applied  stress  on  4)ecimeiis  whose  cross  sections  have  been 
reduced  by  general  or  pitting  conosion,  or  both.  Such 
fiulares  usually  show  ewdenoe  of  ductility.  Repeat  tests  with 
flicker  specimens  should  be  made  in  case  of  doubt. 


11.  Report 

11.1  Report  the  type  of  specimen  used,  method  of  spec¬ 
imen  fatnication,  times  to  cracking  (including  maximum 
time  without  crai^),  location  of  cracks,  final  pH  of  each 
exposure,  and  detaib  r^arding  the  Allihn  condenser  drip  tip. 
Note  whether  or  not  metallQgr^)hic  techniques  or  additional 
bending  of  the  tpedmfsa  (see  9.13)  were  employed.  Beo 
tronic  data  exchange  can  be  facilitated  by  using  the  fields 
•Ingested  in  Appendix  X2.  (excerpted  fiom  Guide  G  107X 

11.2  Data  resistant  materials  shall  be  accompanied  by 
data  for  at  least  four  susceptible  control  specimens  for 
exami^  UNS  S30400  or  UNS  S31600. 


12.  Predsioa  and  Bias^^ 

12.1  Precision — Variability  occurred  in  both  repeatability 
and  rq>roducibility  for  time<4o-fail  data  developed  uring 
UNS  S3Q400  and  S31600  in  sm  interlaboratory  test  program 
(^>pendix  XI).  Such  variability  b  typical  in  time-to-fail  data 
for  stits»<x)rro8ion  cracldng  tests,  and  b  expected  to  pre- 
dude  detectioD  of  snudl  difierences  between  samples. 

12.1.1  Histograms  of  the  time-to-crack  far  UNS  S30400 
and  531600  tested  in  accordance  with  thb  test  method 
iq^pear  in  Appendix  XI  along  with  data  from  each  labora¬ 
tory.  The  time-to-crack  values  in  Appendix  XI  are  not 
necessarily  the  maximum  or  minimum  values  whidi  could 
be  obtained  in  other  testing. 


**  11k  dui  iMed  ID  evihMle  pndtba  tre  filed  It  ASTM  Headquai^ 
RROOMOIS. 


12.1.2  £v^  $pcdmctk  of  UNS  S30400  and  S31600 
cracked  within  the  1000-h  interlaboratory  lest  duration  while 
no  cracldiig  occurred  for  more  reristant  materials,  UNS 
S32550  (FcrraUum"  Alloy  225)  and  N08020. 

12.1.3  It  has  been  observed  in  stress-corrosion  tests  of 
various  metal-alloy  systems  that  the  precision  b  best  for  tests 
of  specimens  that  have  either  a  very  low  probability  of 
stress-ooiTosion  cracking  (few,  if  any,  fiulures  in  the  pre¬ 
scribed  test  duration)  or  a  high  probability  (short  foiluic 
times).  The  precision  b  least  for  groups  of  test  specimens 
with  an  intermediate  probability.  Thb  was  observed  in  the 
interlaboratory  test  program.  There  were  no  failures  of  the 
more  resistant  materials,  (UNS  S325SO  and  UNS  N08020), 
generally  rapid  foflure  of  the  least  resistant  material  (UNS 
S30400,  see  Fij^  X1.3)  and  greater  variation  in  failure  times 
for  the  material  expected  to  have  intermediate  fesbtance 
(UNS  S31600,  see  1%  XI. 4). 

12.1.4  Reproducibility  b^een  laboratories  fiequcntly 
varied  more  widely  than  repeatability  within  each  laboratory. 
Ahhou^  thb  variation  b  substantia],  it  b  within  what  may 
be  expected  for  a  stressKxnrosion  cracldng  test  The  effects  of 
intcriaboratory  variation  must  be  considered  if  data  from 
multiple  laboratories  are  used 

12.1.5  Analysboftheintexlaboratory  test  data  using  a  log 
normal  distribution  appears  in  Appendix  XI. 

12.2  Bias — The  procedure  in  thb  test  method  for  mea> 
suring  time-to-cracldng  of  specimens  in  acidified  sodium 
chloride  solution  has  no  bias  because  the  time-to-cracking  b 
defined  only  in  terms  of  thb  test  method,  and  there  b  no 
absolute  standard  for  reference.  Time-to-cracking  b  a  func¬ 
tion  of  specinien  type  as  well  as  stress  and  material  compo¬ 
sition. 


13.  Keywords 

13.1  boiling  acidified  sodium  chloride  (NaQ);  glassware; 
histograms;  stress  corrosion  cracking;  U-bend  specimens; 
UNS  N08020 
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ANNEX 

(Mandatory  Information) 

Al.  SUGGESTED  TEST  SPECIMEN 

ceramic  insulators  of  sufficient  size  to  resist  cracking  during 
use. 

A1.3  If  surfooe  finish  b  not  the  subject  of  the  evaluation, 
prepare  the  specimens  to  produce  a  120-grit  finSch  or  its 
equivalent  with  machining  techniques. 

A1.4  Bend  the  specimens  around  a  9.5  mm  (0.375-in.) 
diameter  mandrel  using  an  adjustable  die  similar  to  that  in 
Fig.  A1.2  as  follows.  (Thb  figure  b  the  same  as  Fig.  4a  in 
Practice  G  30.) 


ALl  Using  the  prooeduie  described  in  thb  test  method, 
the  U-bend  ro^cimen  described  in  A1.2  has  produced 
crwdkmg  of  UNS  S30400  and  S31600  in  less  than  1000  h, 
without  cracking  more  resistant  duplex  higher 

nided  (for  example,  about  33  %)  materials. 

AI.2  Suggested  q;)ecimen  dimensions  appear  in  Fig.  Al.l. 
The  specimen  differs  slightly  from  those  suggested  in  Practioe 
O  30  to  allow  the  cximpleted  U-bend  to  pass  through  a  45 /50 
ground-glass  joint  while  being  large  enough  to  accommodate 
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FIQ.  A1.1  Suggottod  U-Bond  Spodmon  Dimontlont 

A1.4.i  Marie  the  centerline  on  the  specimen  to  aid 

aligning, 

A1 .4^  Set  the  gap  in  the  die  at  the  mandrel  diameter  plus 
two  times  the  specimen  thickness. 

Al.4.3  Brst,  depress  the  mandrel  (hydraulic)  until  the 
apex  of  the  U*bend  is  approximately  level  with  the  bottom  of 
iht  die.  Continue  stressing  until  the  legs  of  the  U-bend  are 
nearly  parallel.  Final  stressing  is  preferably  done  with  the 
fastener.  The  specimen  may  be  stressed  in  the  die  or  it  may 
be  removed  and  restressed  outside  the  die.  Partial  stressing  in 
the  die  followed  by  final  stressing  outside  the  die  may  be 
optimum. 

A 1 .4.4  Insert  the  stressing  fastener.  Use  ceramic  insulators 
(ziiconia  or  other  ixm-compressible,  corrosion  resistant, 
nonconductive  material).  Flat  washers  should  be  used  be- 


UNS  Niozre 

Wash«r 


i-=# 


\ 
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NoTf— Mandrel  has  9.5  mm  (0.9754n.)  dlwnatar.  Mnanaion  2  la  mvidrei 
diameler  piua  two  dmaa  9w  wp^dnm  tiickneM. 

FIQ.  A1.2  Suggastod  Stroaslng  FIxtura 
(Uatanar  insortad  whito  spocknon  In  dlo) 


tween  the  ceramic  insulator  and  fiistener  to  extend  the  life  of 
the  insulator.  The  bolt,  nut,  and  flat  washer  must  resist 
corrosion  in  the  NaQ  environment  UNS  N10276  is  recom¬ 
mended  for  all  three  items. 

Al.4.5  Stress  the  U-bend  so  that  the  legs  are  parallel,  that 
is,  the  U-bend  is  more  severely  bent  than  it  was  due  to  the  die 
pressure.  The  inside  dimension  between  the  legs  will  be 
about  1 1.4  mm  (about  0.450  in.). 


APPENDIX 

(Nonmandatory  Information) 

XI,  SUMMARY  OF  INTERLABORATORY  TEST  DATA  ANALYSIS 


X1.1  Test  Method 

Xl.1.1  Testing  in  accordance  with  this  test  method  was 
performed  by  seven  laboratories  and  included  UNS  S30400, 
S3 1600,  S32550,  and  N08020.  Each  laboratory  exposed  a 
series  of  duf^cate  flasks,  each  containing  two  U-bends  of 
each  grade.  UNS  N10276  festeners  were  used  by  most 
laboratories  and  the  solution  was  replaced  weekly.  Examina¬ 
tions  were  scheduled  after  6  h,  daily  for  one  week,  and 
weekly  for  six  weeks.  Concerns  of  Practice  E  691  and  Guide 
G  16  were  considered  as  possible  and  appropriate. 

Xl,1.2  The  pH  was  recorded  before  and  after  each 
exposure.  The  initial  pH  was  specified  as  1.5.  The  change  in 
pH  during  all  the  one-week  periods  for  all  laboratories 
ranged  from  -H).6  to  +Z8  for  UNS  S304(X)  and  --O.i  to 
-fZ72  for  UNS  S31600.  Only  one  of  the  laboratories 
experienoed  a  pH  increase  greater  than  0.55  for  UNS  S3I600 


and  this  increase  may  have  been  related  to  attack  of  the 
fasteners. 

X1.2  Interlaboratory  Test  Data  Analysis  Using  Histograms 

X1Z.I  Figures  XI. i  and  X1.2  present  the  time-to-crack 
data  for  all  U-bends  of  susceptible  materials,  UNS  S30400 
and  UNS  S31600,  respectively.  The  within-laboratory  le- 
peatability  was  o^n  better  than  the  between-laboratory 
reprodudbiiity.  This  could  occur  if  difTerent  operators  bad 
different  ability  to  detect  cracks  or  tended  to  find  cracks  in 
all  samples  after  cracks  in  one  sample  were  noticed. 

Xl.2.2  The  nature  of  the  data  suggest  that  analysis  by 
histogram  is  superior  to  attempting  to  calculate  mean  and 
standard  deviation  values. 

X1Z.3  Figures  X1.3  and  X1.4  present  histograms  of  the 
time^c^ck  data  for  UNS  S30400  and  UNS  S31600. 
respectively.  All  but  one  of  the  failures  oocuired  in  28  days  or 
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Slainlaaa  U-Banda  in  pH  U  NaCI  Taat 

Im.  Cndcs  in  one  sample  of  UNS  S31600  were  found  after 
42  days  (1000  h).  An  increase  in  pH  due  to  attadc  of  the 
UNS  N06600  Ouieneis  may  have  d^yed  this  craddng  fw  at 
least  one  week. 

X1^4  Four  U-bends  of  UNS  S32550  and  N08020  were 
eqxjsed  by  tach  laboratory.  These  materials  have  demon¬ 
strated  good  resistance  to  stress-corrosion  cracking  in  service 
and  none  of  the  U-bends  cracked  in  the  42-day  test 


MUUBER  RERLICATEa  CRACKED  IN  TIME  SHOWN 
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na  XU  Htatogram  ol  Thna-To-Crack  Data  lor  UNS  S31600 
StaMaaa  U-Bonda  in  pH  U  NaCi  Toot 


^oms4c  PosmoN 


no.  XU  DiatribiiSon  of  Avarapa  CraOkinp  Tima 

Xl.2.5  Analysis  of  the  interiaboratory  test  data  indicates 
that  materials  vriiich  withstand  this  42-day  test  without 
cracks  are  more  resistant  to  stressrooirosion  cracking  dimi 
UNS  S30400  and  UNS  S31600.  This  statement  is  based 
upon  use  of  the  sampling  and  testing  procedures  employed 
in  this  interiaboratory  test  program. 

XU  Interiaboratory  Test  Data  Analysis  Using  b  Log 
Normal  Distribatioo 

Xl.3.1  The  average  time  to  crackixig  for  the  four  itpli- 
cates  of  each  grade  tested  at  each  laboratory  are  plotted  in 
Fig.  X1.5.  The  tendency  to  follow  straight  line  relationships 
suggests  these  data  ^>proximate  a  log  normal  distribution. 

Xl.3.2  The  log  average  time  to  cracking  is  1.0  day  for 
UNS  S30400  and  6.4  days  for  UNS  S31600.  The 
intralaboratory  variation  (95  %  ooniidenoe  interval)  is  0.685 
to  1.46  times  this  average  for  UNS  S30400  and  0.36  to  2.79 
times  the  average  for  UNS  S31600.  The  interiaboratory 
variation  (95  %  confidence  interval)  is  0.029  to  35.6  times 
the  average  for  UNS  S30400  and  0.15  to  6.6  times  this 
average  for  UNS  S31600.  All  calculations  are  based  on  the 
seven  participating  laboratories  and  the  assumption  that  the 
daU  follow  a  log  normal  distributioD. 
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X2.  STANDARD  DATA  ENTRY  FORMAT 


X2,l  Table  X2.1  defines  the  data  cat^oiies  and  q>ecific 
data  dements  (fidds)  oonddeied  necessary  for  searching  and 
comparing  data  using  computerized  databases.  Pertinent 
items  fiom  Guide  G  107  have  been  induded  along  with 
additional  hems  specific  to  evaluation  of  stress-corrosion 
cradang  using  this  test  method 


X2^  The  Guide  G  107  Reference  Number  is  shown  in 
Table  X2.1  .  Reference  numbers  not  pertinent  for  this  test 
method  have  been  omitted  fiom  the  table. 

X2J  Items  in  Table  XZl  which  are  not  pertinent  fix*  a 
spedEc  test  series  (for  example,  details  for  wrought-annealed 
9>ecimens)  may  simply  be  omitted  from  the  report 


TABLE  X2.1  StMidafd  Data  Entry  Fonnat  for  Cotioaion  Databaaa  Davdopmant 


nud 

QuidaQ107 

RaformaNumbv 

FMd  NaflM/DiiiCT|j6on 

Cataoory  SaU/FWdt  TVpiAMla^ 

1 

5.1.1 

iTKlvIckMl  iMt  narter  to  kftnlNy  9014^ 

conounai%.  8aa  aubsaquont  anirlat  for  lost  OMthod 

TypaoTTatt 

2 

6.1  a.i 

Sttndaid  twt  apacMcaiion 

afpbvunMrtc 

a 

6.1.2.2 

Labomoiy  teat 

L^libofalory 

4 

6.1.24 

Data  tost  startod 

VYYYMI40D 

Taat  Emphant 

5 

5.14.1 

Typa(t)  of  eorroBion  avahJaiad* 

atoaat  oorraaiQn 

Chwnirtry  of  Ehvironmanft^ 

$ 

6.1.4.I 

Qanerfcdaacription  of  anvironmant 

25  X  Naa  (by  mass)  addMad  to  pH  14  wilh  H^4 

7 

5.1.44 

Coraponant.  oonvnon  naina 

awRon*  cnonoo,  pnoapnonc  aon 

e 

6.1.44 

CtamlcaJ  abatrMta  ragMiy  rwmoar 

Niia7647-14>6 

H.K)4-766448-2 

9 

5.1.4.4 

Conoanirition  (Iquida) 

Q/L 

10 

6.1.4.6 

Componofit  fum 

(1)Mld 

(2)lqyld 

11 

6.1.4.7 

Ionic 

Nat  CI“.M^.P04-» 

Expoture  CoraMons 


12 

5.14.1 

Expoam  duration 

days 

13 

6.14.4 

Tamperalure.  avaraga 

boHng 

14 

5.1  A7 

pH.  rain 

radnumbw 

16 

6.144 

pH.  max 

radnumbtf 

16 

6.14.9 

pH,  average 

rad  number 

17 

5.14.16 

Flow 

none 

18 

6.14.16 

Sparging 

nonalaaa  ftan  aaluratad  (open  to  aid 

19 

5.1.540 

Expoaureaorw 

continuous  bnmwiion 

20 

5.1444 

Ratto  of  apacirnan  lurfaoi  aiaa  to  eonitoant  vQkm 

mnP/L,  in.*/L 

21 

... 

ABvi  oondanaar  ddp  Up 

(1)nona 

(2)  length  in  avn 

SlatorWIdBnttIcatlono 

22 

6.14.1 

Material  data 

afphanumaric 

23 

6.144 

SubdNnion  of  daaa 

Ophanurnaric 

24 

6.144 

Ffeiar  aubdMPon  of  dasa 

a^tfianuniartc 

25 

6.1.6.4 

CorDraon  rMvna/bKte  riariw  fnctoda  owfw  of  1^ 

alphanuniartc 

26 

6.1.54 

Material  Des1gnai1orv-mfS  No. 

atphanuroartc 

27 

6.1.64 

SpecMcatlorVatandard 

dphanwnarfc 

26 

5.14.7 

Ptoduotaha^ 

(llplp^/lube 

(2)plMa 

(3)tllMVtMp 

(4)iMra/rod/bv 

(5)  o6tar--<faacHba  to  5.144 

29 

6*1.64 

DaacdpHon  for  (5)  in  5.1 .6.7 

dphanunrarle 

30 

6.144 

Product  produciion  method 

(1)ax9uiion 

(2)lorgtog 

C3)oaaitog 

(4)rcEng 

(6)  powdar  oompadion 

(6)  otwr— Oaacdba  to  5.1410 

31 

5.14.10 

DMa<pileno((6)ln5.l£.9 

alphanumarte 

32 

5.14.11 

Haat/lot  idanUfication 

■tohanumerte 

33 

5.14.12 

Heat/lof  chemicai  analyais 

atohanunwric 

Spedraen  IdenIKcalion 

34 

5.1.7.1 

Spadman  ihicfcnaes 

mm,  to. 

36 

6.1.74 

opacman  wioiryiiamaiar 

mm,  to. 

36 

5.1 .7  J 

Specimen  langih 

mm,  to. 
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TABLE  X2.1  Centfntwtf 


FMcf 

GukteQlOr 
RtfwtnoG  NumtMir 

B^Hrnm/Dmaff/Oon 

Calagory  Safi/FWda  Typd^Jhiti^ 

—  1  ^  -  ii^  ■■ill  1 

opSOWlin  MMnnCWlOn 

«7 

6.1.7.4 

SpMbfMO  SUrteM  MM 

map,  h.* 

38 

6.1.7^ 

Dtniity 

hO^nwii*, 

38 

S.1.7.6 

wsnoa  ipooRNn 

a)Y-itoi 

(2)Nm|IO 

40 

6.1.7.7 

TypG  off  wiild  (Mt  5.1 .76  fv  adUttontf  dit^ 

(liautoganoui 

(2)  mKohIng  ator 

(3) <lasimlvnialdwald 

41 

6.1.7.8 

WWddaWto' 

aipffianumaffc 

42 

6.1.7J 

Wilcto  ground  or  mocNnod 

(1) ground 

(2) machinad 

(3) aadapoaHad 
f4)glMibaadttitlMt 

43 

5.1.7.10 

OMCripIkxi  lor  (1)  or  (7)  h  &1.7.1I) 

(1)  atondard  tampar— daacrtba  h  5.1.7.11 

(2) «inaaiad 

(3)  nomialzad 

(4) ama8iiad 

(5)  ■a^oid'worttad 
(8)  aa4iol-wodcad 

(7) aoad 

(8)  ottw  H.T./kaoooadng— daacriba  In  5.1.7.11 

44 

6.1.7.11 

alphamwiaifci 

48 

51.7.12 

FM  rodudion 

(1)  ooffcMwodcad—glto  paroent  reducOon  In  6.1.7.13 

(2)  ho<  Mort<ad  Ondudaa  aadmaion  and  totgi^ 

46 

51.7.13 

Poiosnt  cold  mduction 

% 

47 

51.7.14 

iMmtmm  iHwn  sirangoi 

MPaekai 

48 

5.1.7.15 

VIaM  Ml  ru_T_-iiti 

TMia  wmnQai 

MPa.u 

48 

51.7.16 

Peream  olteot  for  yMd  strangti 

% 

so 

51.7.17 

Fnclurt  ductlty  (drain) 

% 

51 

51.7.18 

HardnMa 

laainumbar 

62 

51.7.19 

Haitifioaa  acato 

a^ihanumartB 

53 

6.1.7.20 

Surfaoa  oorafiOon 

(1) aapioduoad 

(2) acalad 

(3)  mactonad/^FOund 

W  dwiaioaly  daanad 

(5)  aancVgrtt  biMtad 

(6) att«r 

(1) nona 

(2) nNiktod 
^cartMrfead 

(4)  Mated 

(5)  dad 

54 

51.7.21 

QtfW90  oiMRinsni 

66 

51.7.22 

>  HX  ^  w  m  In  &14^.  pliling  or  dKldng  mMiiW  or  oltMr 
aufffaoa  Iraalmant 

(6)®ffhar 

dphanufnarlc 

68 

6.1.7.23 

Condition  off  adgaa 

(1) aaouff 

(2)  at  ahaarad 

(3)  ground 
(4imacff*ted 

(5)  olhar.-dBMriba  In  51.7.24 

67 

51.7.24 

Doaortpion  Off  cahar  adge  oonMon 

a^iffiananarlc 

68 

6.1.7.26 

Sampla  ofientetlan  ralailva  to  wortdrH) 

(1) longllu(M 

(2) 3Bn8van# 

(3)  abort  trantvaraa 

68 

51.7^6 

SOwiKsiraalon  oracMrig  (SOQ 

(1)  doubla  cantlavar  baam  6)C8) 

(2)  wadge  opan  ioadad  (WOI>--aaa  51.7.27 

(3)  bant  baam— 2  loadad 

(4)  bant  baam— 3  loadad 

(5) bambaam  1  looted 

(6)  teandard  tenaion  apadman  (Taat  Mathoda  E  6) 

(7)  aubdza  tenaion  apadnMn  (Taat  Mtehoda  E  8) 

(6)  C  ling 

(9)  atraaaad  ring 

(10) lMiand 
(11>olhar 

60 

51.7.27 

Malvlal  uaad  tor  vvadga  In  VliOL  apad^ 

ab^wnumarle 

61 

6.1.7.26 

Waa  otTMalng  davloa  toautalad  kcm  tpadmon? 

affpffianumarto 

62 

6.1.7.28 

^raaa-oonrodon  cracidno  spadnfMn  taat  ^ 

(1) amoote 

(2) noiciiad 

63 

5.1.760 

Diract  lanikm  akaaadoriTdiQn  onKidrig 
atiaa8(PviclioaG40) 

(3)prBci«d«d 

(1) oonBtentload 

(2)  doa4y  Inciaaihg  fbaln  rate 

(3)  cxmatent  daAacIfon 

64 

5.1.7.31 

Maaa^onoaton  oracMhg  apo(*n«)--«t^ 

MPa.l(d 
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G1MQ107 
Mtranoe  Numbtr 


S.1.7^ 


_  TABLE  Xa.1  Continudd 


ntkf  Nami/Dwcrt3iGn 


S><t»^cjTO»tancracWngipa(*iw^  mrnftmipmomtdf 
yM  strength  at  twt  lanip«r«h^ 

V  IMMnd  uMd.  note  ilrattinQ  iiwM 

OiMiwter  of  manM  #r  uMd  iDT  stro^^ 

CXitiideof  dtamatarof  U'^end 


Ctteoofy  Bati/Flikte  Typi^UMli^ 


a)  tte9i  M  In  PMkte  Q  30.  P|0. 4ft.  te  or  o 
(2)  Two  ttagt  ••  in  PmcHoo  G  30.  5 


Rftduciion  te  ftionostion 
ftedudion  kt  ticturo  dudMty  (iliiln) 
Iteduclion  te  tenite  Mrenoth 
Rftduotton  In  yield  ftirangm 
Nature  of  oorroeion  product* 

VWbl*  oofTOdon? 


8>tft«*H»n>te3n  crocking  (SOQ  teat  fteveilty  of  ftttecfc 


8CC  craddng  mode 


Tint  te  inili*l  ocKk  detecion 

McMurKt  c»ek  Iwigth  at  time  of  firet  detect 

Method  ueod  to  detect  iniite  oricking 

TlrBshold  stres*  Inteneily  rwiga.  K 
Maximum  ttro  without  atreaftoorra^ 
Straaa-corraaion  ihraahoU  Btrea^ 

Location  of  cracking 


Oocumantaiion 


Teat  number 
fttofchad  raferenoe 
Unpubiahed  date— tocation 
Tachnical  committee  foport/me 
Other  dooumentalion 


X 

X 

X 

X 

alphanumarfe 

(1) oannoded 

(2)  no  vWble  oorroaion 

(1) kjNonlna 

(2) bMeinatel 
(31  weld  metal 

(4)  heat<«ffactod  zone 

(1)  no  oraoking 

(2)  microcraoka 

(3)  total  ftactura  foomplato  eeparatlon) 

(1)  tranagrmlar 

(2)  intergranular 
(^mteadmode 

(4) dijclite 
houri 
mm.  in. 

aiphenumerfe  (naked  eye.  5x  to40>r.  v 
[mag.]  or  oddHional  banctti^ 

MPa  Vm,  kal^ 
hours 

MPft  ^  kai  ^ 
ftiphanumertc 


alphanumeiic 

ftiphftnumertc 

ftiphanumertc 

fth)hftnuntertc 

ftkrtianumeric 


*  Fgr  pnhMt  Wiki!®  I««».  iMBbor  (*  pMae^  li*al  li*U.  low  i»*f  OM.  *16. 


pMonr  ripffts.  and  ate  itek  of  MlrktitenM  of  auQh  niphte.  am  arzka^  aMT  oMn  raipmtUMry. 

anoanouk/be  addnaaaed  toASJM  NaadQuartera.  Your  oonmata  wHK  nrmiim  aufkjr  oonaMliraffon  af  a  mooHno  of  tfm  rMmfMthifi 
idaiwa  kfimen  lo  tee  ASTAf  Gommktee  on  Standordt,  100  Bon"  Harbor  Drim,  ti^Mf  Conahohockon,  PA  10426. 
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Designation:  D  3167  -  93 
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INTRODUCTION 

The  purpose  of  this  test  method  is  to  provide  for  the  determination  of  the  metal*to*metal  peel 
strength  of  adhesives  by  a  method  that  will  provide  good  reproducibility  at  low-,  as  well  as  at  high- 
strength  levels  and  yet  allow  for  a  simple  method  of  test  specimen  preparation  and  testing. 

The  accuracy  of  the  results  of  strength  tests  of  adhesive  bonds  will  dq3end  on  the  conditions 
under  which  the  bonding  process  is  carried  out  Unless  otherwise  agreed  upon  between  the 
manufacturer  and  the  purchaser,  the  bonding  conditions  shall  be  prescribed  by  the  manufacturer 
of  the  ^hesive.  In  order  to  ensure  that  complete  information  is  available  to  the  individual 
conclucting  the  tests,  the  manufacturer  of  the  adhesive  shall  furnish  numerical  values  and  other 
specific  information  for  each  of  the  following  variables: 

(7)  Procedure  for  preparation  of  the  surfaces  prior  to  application  of  the  adhesive,  the  cleaning 
and  drying  of  metal  surfaces,  and  special  surface  treatments  such  as  sanding,  which  are  not 
specifically  limited  by  the  pertinent  test  method. 

(2)  Complete  mixing  directions  for  the  adhesive. 

(i)  Conditions  for  application  of  the  adhesive,  including  the  rate  of  spread  or  thickness  of  film, 
number  of  coats  to  be  applied  whether  to  be  applied  to  one  or  both  surfaces,  and  the  conditions  of 
drying  where  more  than  one  coat  is  required. 

(4)  Assembly  conditions  before  application  of  pressure,  including  the  room  temperature  and 
length  of  time. 

(5)  Curing  conditions,  including  the  amount  of  pressure  to  be  applied,  the  length  of  time  under 
pressure,  and  the  temperature  of  the  assembly  when  under  pressure.  It  should  be  stated  whether 
this  temperature  is  that  of  the  glue  line,  or  of  the  atmosphere  at  which  the  assembly  is  to  be 
maintained. 

(6)  Conditioning  procedure  before  testing,  unless  a  standard  procedure  is  specified,  including 
the  length  of  time,  temperature,  and  relative  humidity. 

A  range  may  be  prescribed  for  any  variable  by  the  manufacturer  of  the  adhesive,  if  it  can  be 
assumed  by  the  test  operator  that  any  arbitrarily  chosen  value  within  such  a  range  or  any 
combination  of  such  values  for  several  variables  will  be  acceptable  to  both  the  manufacturer  and 
the  purchaser  of  the  adhesive. 


1.  Scope 

LI  This  test  method  covers  the  determination  of  the 
relative  peel  resistance  of  adhesive  bonds  between  one  rigid 
adberend  and  one  flexible  adherend  when  tested  under 
specified  conditions  of  pieparation  and  testing. 

1.2  A  variation  in  thickness  of  the  adherends  will  gener¬ 
ally  influence  the  test  values.  For  this  reason,  the  thickness  of 
^  sheets  used  to  make  the  test  specimens  shall  be  specified 
in  the  material  spedflcatian.  When  no  thickness  is  specifledi 
the  flexible  adherend  shall  be  0.63  mm  (0.025  in.)  thick  and 
the  rigid  adherend  shall  be  L63  mm  (0.064  in.)  thick. 


*  TKii  1W  method  is  aader  the  juriadictioa  of  ASTM  Cbmmitiee  D-14  oa 
Adhesive  and  is  uader  the  juriidktien  of  Subcommitie  DUao  oa  Metal  Bondint 
Adheiiva. 

Cumat  adition  apgreved  Dac.  13.  1993.  FiiblUhed  Februafy  1994.  OrigiahUy 
FMbiwhcd  as  D 3167  -  73  T.  Latt  pie%KMti  edition  D3I67  -  76 (1916). 


1.3  This  standard  does  not  purport  to  address  all  of  the 
s<dety  concerns^  ff  any,  associate  with  Us  use.  It  is  the 
responsibilUy  of  the  user  of  this  standard  to  establish  appro¬ 
priate  sqfety  and  health  practices  and  determine  the  applica¬ 
bility  of  regulatory  limitatior\s  prior  to  use, 

2*  Referenced  Documents 
2.1  ASTM  Standards: 

B  209  Specification  for  Aluminum  and  Aluminum-Alloy 
Sheet  and  Plate^ 

D 1781  Method  for  Climbing  Drum  Peel  Test  for 
Adhesives^ 

E  4  Practices  for  Load  Verification  of  Testing  Machines^ 


^  Ammil  Book  <if  ASTM  SttuUris,  Yol  02.02. 
^  Ammid  Book  ifASThi  StMmUris,  Vol  13.06. 
*AmiMal  Book  if  ASTM  Stanelords,  Vol  03.01. 
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3.  Summary  of  Test  Method 

3.1  This  test  method  consists  of  testing  laminated  or 
bonded  adherends,  where  one  adherend  is  made  to  be  rigid 
and  the  other  adherend  is  made  to  be  flexible,  by  peeling  of 
the  flexible  adherend  from  the  rigid  adherend  at  a  controlled 
angle  of  peel  using  the  test  fixture  shown  in  Fig.  1 . 

4.  Significance  and  Use 


of  millimetres  (or  inches)  of  separation  as  one  coordinate 
and  applied  load  as  the  other  coordinate.  The  applied  load  as 
measured  and  recorded  shall  be  accurate  within  ±1  %. 

S.2  A  fixture  as  shown  in  Fig.  1  for  support  of  the  test 
specimen  shall  be  attached  to  one  of  the  testing  machine 
cross  arms.  The  l^in.  diameter  rollers  on  this  test  fixture  shall 
roll  fiaeiy. 


4.1  This  test  method  is  of  value  for  acceptance  and 
process  conuol  testing.  This  test  method  may  be  used  as  an 
alternative  to  Method  D1781  when  that  facility  is  not 
available.  This  test  method  should  be  considered  more  severe 
since  the  angle  of  peel  is  greater. 

5*  Apparatus 

5.1  Testing  Machine^  conforming  to  the  requirements  of 
Practices  £4.  The  testing  machine  shall  be  so  selected  that 
the  breaking  load  of  the  specimens  falls  between  15  and  S5  % 
of  full-scale  capacity.  The  machine  shall  be  capable  of 
main^ning  a  constant  crosshcad  rate  of  152  mm/min  (6 
in./minX  unless  otherwise  specified.  It  shall  be  provided  with 
a  suitable  self-aligning  grip  to  hold  the  specimen.  It  is 
recommended  that  the  jaws  of  this  grip  shall  engage  the  outer 
25.4  mm  (I  in.)  of  the  end  of  the  flexible  adherend  firmly. 
The  grip  and  attachments  shall  be  so  constructed  that  they 
will  move  into  ^ignment  with  the  test  specimen  as  soon  as 
the  load  is  applied,  so  that  the  flexible  member  of  the  test 
specimen  will  coincide  with  the  direction  of  the  applied  pull 
through  the  center  line  of  the  grip  assembly.  The  machine 
shall  be  autographic,  giving  a  chart  that  can  be  read  in  terms 


d.  Sample  Preparation 

6.1  Laminated  test  panels  (see  Fig.  2)  shall  consist  of  two 
adherends  properly  prepared  and  bond^  together  in  accor¬ 
dance  with  the  adherive  manufiicturer*s  recommendations. 

6.2  Unless  otherwise  specified,  clad  alJuminum  alloy  con¬ 
forming  to  the  q>ecification  for  aluminum-alloy  sheet  and 
plate  (Specification  B  209)  Alloy  2024-T3  shall  be  used. 

6.3  The  bonded  panels  shall  be  cut  into  12.7-mm  (0.5-in.) 
wide  specimens  (sec  Fig.  2)  by  a  means  that  is  not 
ddeterious  to  the  bond.  Edge  members  may  or  may  not  be 
discarded,  depending  on  desire  to  measure  peel  strength  in 
this  area.  The  method  of  cutting  test  specimens  is  controlled 
by  adherend  and  adhesive  compositions  and  the  accuracy 
desired.  Shearing,  milling,  and  band-saws  can  all  be  iisfd 
successfully.  The  unbonded  end  of  the  flexible  adherend 
shall  be  bent,  p^ndicular  to  the  rigid  adherend.  for 
clamping  in  the  grip  of  the  testing  machine.  Specimens  shall 
be  two  in  number  for  cadi  temperature  tested  from  each  of 
three  bonded  panels. 

Note  1— Direct  oompariKm  of  dinerent  adhesives  may  be  made 
only  wImo  tpedmen  consniction  md  teit  conditions  ««  identicL 
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Fia.  2  Tost  Portal  and  Tast  Spadman 


Note  2— Witbin  the  Umitstions  imposed  by  5.3,  other  specimen 
widths  may  be  used,  provided  the  test  machine  grip  and  peel  test  fixtures 
are  of  am^e  width  to  apply  the  load  uniformly  across  the  width  of  the 
adhercnds. 

Note  3— Direct  comparison  of  different  adhesives  may  be  made 
only  whm  the  angle  of  p^  is  identical.  The  operator  must  ascertain  that 
the  flexible  adherend  is  bending  over  the  mandrel  and  not  at  some 
irregular  angle. 

7.  Test  Method 

7.1  Insert  the  test  specimen  into  the  peel  test  fixture  as 
shown  in  Fig.  1,  with  the  unbonded  end  of  the  flexible 
adherend  gripped  in  the  test  machine  jaw.  Peel  the  specimen 
at  152-mm/min  (6-in./inin)  bond  separation  rate  by  ap¬ 
plying  the  load  at  a  consUnt  head  speed  of  152  mm/min.  If 
the  backup  plate  bends  or  is  distorted  during  the  test,  it  is 
recommended  that  the  specimen  be  redesigned  with  a 
backup  member  stiff  enouc^  to  ensure  even  peel. 

6.2  During  the  peel  test,  make  an  autographic  recording 
of  load  versus  head  movement  (load  versus  distance  peeled). 

6.3  Record  the  load  over  at  least  a  7.6-mm  (3-in.)  length 
of  the  bond  line,  disregarding  the  first  2.54  mm  (1  in.)  of 
peel. 

8.  Calculation 

8.1  Determine  from  the  autographic  curve,  or  at  least  7.6 
mm  (3  in.)  of  peeling  (disregarding  the  first  25.4  mm  (1  in.)X 
the  average  peeling  load  in  pounds-force  per  inch  (or 
Idlonewtons  per  metre)  of  the  specimen  width  required  to 
separate  the  adhmnds.  It  is  preferred  that  the  average  load 
be  determined  from  the  curve  by  means  of  a  planimeter. 

Note  4— Ib  cue  a  planimeter  is  not  used,  the  average  may  be 
calculated  as  the  average  of  load  readings  taken  at  fixed  increments  of 
croeshead  m^o&  For  eumpic,  the  load  may  be  recorded  at  each 
12.7-mm  (tMn.)  interval  of  hut  motion  (discarding  the  first  inch)  until 
at  least  six  readings  have  beea  attained. 


9*  Report 

9. 1  Report  the  following  information: 

9.1.1  Complete  identification  of  the  adhesive  tested  in¬ 
cluding  type,  source,  manufacturer’s  code  number,  botch  or 
lot  number,  form,  etc. 

9.1.2  Complete  identification  of  adhercnds  used,  in¬ 
cluding  material  thickness,  surface  preparation,  and  orienta¬ 
tion. 

9.1.3  De^ption  of  bonding  process,  including  method 
of  application  of  adhesive,  glueline  thickness,  drying  or 
precuring  conditions  (where  applicable),  curing  time,  tem¬ 
perature,  and  pressure. 

9. 1.4  The  average  thickness  of  adhesive  layer  after  forma¬ 
tion  of  the  joint  shall  be  reported  within  0.0127  mm  (0.0005 
in.).  The  method  of  obtaining  the  thickness  of  adhesive  layer 
shall  be  described  including  procedure,  location  of  measure¬ 
ments,  and  range  of  measurements. 

9.1.5  Complete  description  of  the  test  specimen,  including 
dimensions  and  construction  of  the  test  specimen,  condi¬ 
tions  used  for  cutting  individual  test  specimens,  number  of 
test  panels  represented,  and  number  of  individual  test 
^>ecimens. 

9.1.6  Conditioning  procedure  prior  to  testing. 

9.1.7  Testing  temperature. 

9.1.8  Type  of  test  machine  and  crosshead  separation  rate 
used. 

9.1.9  Method  of  recording  load  and  determining  average 
load. 

9. 1. 10  Avera^,  maximum,  and  minimum  peeling  load 
values  for  each  individual  specimen. 

9. l.l  1  Average  peel  strength  in  pounds-force  per  inch  (or 
kilonewtons  per  metre)  of  width  for  cadi  combination  of 
materials  and  constructions  under  test 

9.1.12  Type  of  failure,  that  is,  cohesive  faUure  within  the 
adhesive  or  adherend  or  adhesion  to  the  adherend,  or 
combination  thereof,  for  each  individual  spedmen. 
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10.  Precision  and  Bias 

10. 1  At  the  present  lime,  there  is  no  basis  for  a  statement 
of  precision  and  bias  concerning  the  reproducibility  of  results 
among  laboratories. 

10.2  The  precision  and  bias  of  this  test  method  is  a 
function  of  the  properties  of  the  cured  bondline.  Precision 


shall  be  reported  in  terms  of  standard  deviation  of  the  data 
and  the  standard  error  of  the  mean. 

11.  Keywords 

11.1  adhesives;  assemblies;  bonds;  laminates;  metal;  peel; 
roller 
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MIL-C-87937 
29  Oct  1990 


MIUTARY  SPECIFICATION 
CLEANING  COMPOUND.  AEROSPACE  EQUIPMENT 


This  specincatlon  Is  approved  for  use  by  all 
Departments  and  Agencies  of  the  Department  of  Defense 


1.  SCOPE 

1.1  Scops.  This  specification  establishes  the  requirements  for  biodegradable,  water  dilutable, 
environmentally  safe  cleaning  compounds  for  use  on  aerospace  equipment  to  include  aircraft,  engines 
and  aerospace  ground  equipment  (AGE). 

1.2  ClassKicatlon.  The  cleaning  compounds  covered  by  this  specification  shall  be  of  the  following  types. 

Type  I  -  Terpene  Based,  Solvent  Emulsion,  Water  Dilutable  Cleaning  Compound 
Type  II  -  Water  Dilutable  Cleaning  Compound 

2.  APPLICABLE  DOCUMENTS 


SP-ftcIflcatlons.  standards,  snd  handbooks-  The  following  specifications,  standards  and  handbooks 
orm  a  part  of  this  specification  to  the  extent  specified  herein.  Unless  otherwise  specified,  the  Issues  of 
th^e  documents  shall  be  those  listed  In  the  issue  of  the  Department  of  Defense  Index  of  Specifications 
and  Standards  (DODISS)  and  supplement  thereto,  noted  in  the  solicitation. 

SPECIFICATIONS 

Federal 

ocn  y.  Tribaslc,  Anhydrous.  Dodecahydrate.  &  Monohydrate,  Technical 

QQ-A-250/4  Aluminum  Alloy  2024,  Plate  and  Sheet 

QQ-A-250/5  Aluminum  Alloy  Alclad  2024,  Plate  and  Sheet 
QQ^-250/12  Aluminum  i^loy  7075,  Plate  and  Sheet 


Benefidal  comments  (recommendations,  additions,  deletions)  and  any  pertinent  data  which  may  be  of” 
uso  In  Improving  this  document  should  be  addressed  to:  Code  (68)  SA-ALC/SFRT  Kellv  AFB  tv 
TO241-5000.  by  using  the  self-addressed  Standardization  Document  Improvement  Proposal  (DD  Form 
1426)  appealing  at  the  end  of  this  document  or  by  letter. 


AMSC  N/A 


Approved  for  public  release;  distribution  Is  unlimited. 
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QQ-A-250/13  Aluminum  Alloy  Alclad  7075  Plate  and  Sheet 
QQ-M-44  Magnesium  Alloy  Plate  and  Sheet  (AZ31B) 

C3Q-P-416  Plating,  Cadmium  (Eleotrodeposlted) 

TT-E-529  Enamel.  Alkyd,  Semi-gloss,  Low  VOC  Content 

TT-E-781  Ethylene  Glycol  Monoethyl  Ether,  Technical 
TT-l-735  Isopropyl  Alcohol 

TT-L-32  Lacquer,  Cellulose  Nitrate,  Gloss,  For  Aircraft  Use 

TT-P-1767  Primer  Coating,  Zinc  Chromate,  Low  Moisture  Sensitivity 
PPP-D-729  Drums,  Shipping  and  Storage,  Steel,  55  Gallon  (208  Liters) 
PPP-P-704  Palls,  Metal:  (Shipping,  Steel,  1  through  12  gallons) 


Military 

MIL-L-2104  Lubricating  Oil,  Internal  Combustion  Engine,  Tactical  Service 
MIL-M-3171  Magneslunt  Alloy,  Processes  for  Pretreatment  and  Prevention  of  Corrosion  on 
MIL-S-7952  Steel,  Sheet  and  Strip,  Uncoated,  Carbon  (1020  and  1025)  (Aircraft  Quality)  (ASG) 
MIL-P-7962  Primer  Coating.  Cellulose-Nitrate  Modified  Alkyl  Type,  Corrosion  Inhibiting, 
Fast-Drying  (For  Spray  Application  Over  Pretreatment  Coating) 

MIL-C-8514  Coating  Compound,  Metal  Pretreatment,  ResIn-Acid  (ASG) 

MIL-A-8626  Anodic  Coatings,  For  Aluminum  and  Aluminum  Alloys 
MIL-S-8802  Sealing  Compound,  Temperature  Resistant,  Integral  Fuel  Tanks  and  Fuel  Cell 
Cavities,  High  Adhesion 

MIL-T-9046  Titanium  and  Titanium  Alloy,  Sheet,  Strip  and  Plate 
MIL-G-21164  Grease,  Molybdenum  Disulfide,  For  Low  and  High  Temperatures 
MIL-C-22750  Coating,  Epoxy  Polyamide 
MIL-P-23236  ,  Paint  Coating  System,  Fuel  Salt  Water  Ballast  Tanks 
MIL-P-23377  Primer  Coating,  Epoxy  Polyamide,  Chemical  and  Solvent  Resistant 
MlL-S-81733  Sealing  and  Coating  Compound,  Corrosion  Inhlbltlve 
MIL-H-83282  Hydraulic  Fluid,  Rre  Resistant,  Synthetic  Hydrocarbon  Base,  Aircraft 
MIL-C-83286  Coating  Urethane,  Aliphatic  Isocyanate,  for  Aerospace  Application 
MIL-P-83310  Plastic  Sheet,  Polycarbonate,  Transparent 
MIL-C-83957  Cleaning  and  Polishing  Pad,  Non-metallic  (For  Aircraft) 

MIL-C^285  Coating:  Polyurethane,  High  Solids 


STANDARDS 

Federal 

FED-STD-141  Paint,  Varnish,  Lacquer  and  Related  Materials  Methods  of  Inspection,  Sampling  and 
Testing 

FED-STD'313  Material  Safety  Data  Sheets,  Preparation  and  the  Submission  of 
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Inforiation  Handl  ing  Services,  DODSTD  Issue  97*<N. 
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Mll-8TD*109  Quality  Assurance  Terms  and  Definitions 
MIL-STD-129  Marking  For  Shipment  Arxl  Storage 
MIL-STD-147  Palletized  Unit  Loads 

(Copies  of  specifications,  standards,  handbooks,  drawings,  and  publications  required  by  contractors  In 
connection  with  specific  procurement  functions  should  be  obtained  from  the  Standardization  Documents 
Order  Desk,  Building  4D,  700  Robbins  Avenue,  Philadelphia,  PA  19111-5094) 


#■ 


2-1  *2  Other  Government  documents,  drawings,  and  publications.  The  following  other  Government 
documents  form  a  part  of  this  specification  to  the  extent  specified  herein.  Unless  otherwise  specified,  the 
Issue  shall  be  that  In  effect  on  the  date  of  the  solicitation. 

CODE  OF  FEDERAL  REGULATIONS 

29  CFR  -  Ubor 

40  CFR  -  Protection  of  Environment 

49  CFR  -  Transportation 

2.2  Other  publications-  The  following  non-government  documents  form  a  part  of  this  specification  to  the 
extent  specified  herein.  Unless  otherwise  specified,  the  Issues  of  the  documents  which  are  DOD  adopted 
shall  be  those  listed  in  the  Issue  of  the  DODISS  specified  In  the  solicitation.  Unless  otherwise  specified, 
the  Issues  of  documents  not  listed  in  the  DODISS  shall  be  the  Issue  of  the  non-government  documents 
which  is  current  on  the  date  of  the  solicitation. 


AMERICAN  SOCI^  FOR  TESTING  AND  MATERIALS 
ASTM  Stflndarrt.<8 


A  153 

DS6 

D92 

0  460 

0  846 

D  1193 

D2240 

D3951 

E70 

F483 

F404 


F485 

F502 


Specification  for  Zinc  Coating  (Hot  Dip)  on  Iron  and  Steel  Hardware 

Test  Method  for  Flash  Point  by  Tag  Closed  Tester 

Test  Method  for  Flash  and  Ore  Points  by  Cleveland  Open  Cup 

Method  for  Sampling  and  Chemical  Analysis  of  Soaps  and  Soap  Products 

Specification  for  Ten-Degree  Xylene 

Specification  for  Reagent  Water 

Test  Method  for  Rubber  Property  -  Durometec  Hardness 

Practice  for  Commercial  Packaging 

Test  Method  for  pH  of  Aqueous  Solutions  with  the  Glass  Electrode 
Method  For  Total  Immersion  Corrosion  Test  for  Aircraft  Maintenance  Chemicals 
Test  Method  for  Stress  Crazing  of  Acrylic  Plastics  In  Contact  with  Liquid  or 
Semi-Liquid  Compounds 

Test  Method  for  Effects  of  Cleaners  on  UnpaInted  Aircraft  Surfoces 

Test  Method  for  Effects  of  Cleaning  and  Chemical  Maintenance  Materials  on  Painted 
Aircraft  Surfaces 
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Handling  Seruices,  DODSTD  Issue  97H)4. 
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F519 

F1104 

F  1110 
F1111 


Method  for  Mechanical  Hydrogen  Embrittlement  Testing  of  Plating  Proceesoe  and 


Aircraft  Maintenance  Chemicals 

Test  Method  for  Preparing  Aircraft  Cleaning  Compounds,  Liquid  Type.  Water  Base, 


for  Storage  Stability  Testing 

Test  Method  for  Sandwich  Corrosion  Test 

Test  Method  for  Corrosion  of  Low  Embrfttiing  Cadmium  Piate  by  Aircraft 


Maintenance  Chemicals 


(Application  for  copies  should  be  addressed  to  the  American  Socirty  for  Testing  and  Materials,  1916  Race 
Street,  Philadelphia  PA  19103.) 


SOCIETY  OF  AUTOMOTIVE  ENGINEERS 
SAE  Standards 

AMS  3204  Synthetic  Rubber,  Low-Temperature  Resistant  25-35 
AMS  3209  Chloroprene  Rubber,  Weather  Resistant,  65-75 

(A^Hcatlon  for  copies  should  be  addressed  to  the  Society  of  Automotive  Engineers,  Inc.,  400 
Commonwealth  Drive,  Warreridale  PA  15096.) 


UNIFORM  FREIGHT  CLASSIFICATION  RULES  (Current  Issue) 


(Application  for  copies  should  be  addressed  to  the  Uniform  Classification  Committee,  Room  1 1 06,  222 
South  Riverside  Plaza,  Chicago,  IL  60606.) 


ALUMINUM  ASSOCIATION  INCORPORATED 
AA  Standards 

2090-T-63  Aluminum-Lithium  Alloy 

AMERICAN  IRON  AND  STEEL  INSTITUTE 
AISI  Standards 

AISI 4340  High  Strength,  Low  Alloy  Steel 


INTERNATIONAL  CIVIL  AIR  ORGANIZATION  (ICAO) 

Technical  Instructions  for  the  Safe  Transport  of  Dangerous  Goods  by  Air 
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INTERNATIONAL  AIR  TRANSPORT  ASSOCIATION  (lATA) 
Dangerous  Goods  Regulations 


INTERNATIONAL  MARITIME  ORGANIZATION  (IMO) 
Intermdlonal  Maritime  Dangerous  Goods  Code 


(Industry  association  specifications  and  standards  are  generally  available  for  reference  from  libraries.  They 
are  also  distributed  among  technical  groups  and  using  Federal  agencies.) 

2.3  Order  of  precedence.  In  the  event  of  a  conflict  between  the  text  of  this  specification  and  a  reference 
cited  herein,  the  text  of  this  specification  shall  take  precedence. 

3.  REQUIREMENTS 

3.1  Initial  qualification.  The  cleaning  compound  furnished  under  this  specification  shall  be  a  product 
which  has  been  tested  and  has  passed  the  quallficatioii  tests  specified  herein  and  has  been  listed  or 
approved  for  iisting  on  the  applicable  Quallfl^  Products  List  (QPL)  at  the  time  of  award  of  contract. 

3.1.2  Retention  of  qualification.  In  order  to  retain  qualification  approval  of  a  cleaning  compound  furnished 
under  this  specification,  the  manufacturer  will  be  required  to  certify,  at  least  every  three  years,  that  the 
cleaning  compound  is  still  available  from  the  same  plant,  can  be  produced  under  the  same  conditions  as 
originally  qualified,  cuid  meet  the  requirements  of  the  current  Issue  of  the  specification.  Re-examination 
and  retest  of  the  cleaning  compound  shall  be  required  by  the  qualifying  activity  when  the  manufacturer 
has  modified  the  product  In  any  way,  the  specification  is  revised  to  affect  the  characteristics  of  the 
product  or  when  deemed  necessary  by  the  qualifying  activity  to  determine  that  the  product  continues  to 
meet  all  of  the  specification  requirements.  Any  product  which  does  not  conform  to  all  of  the  qualification 
retention  requirements  specified  herebi  will  be  removed  from  the  qualified  products  list 

3.2  Materials.  The  composition  and  formulation  of  the  cleaning  compound  shall  be  optional  with  the 
nranufacturer  within  the  restrictions  specified  herein. 


3.2.1. 1  Type  I.  Type  1  shall  contain  d-limonene  as  specified  in  Table  I  and  will  consist  of  a  combination 
of  one  or  more  of  the  following;  surfactants,  aikaiine  builders,  water  conditioning  agents,  corrosion 
Inhibitors,  and/or  synthetic  detergents  to  produce  a  stable,  homogeneous  product,  conforming  to  the 
requirements  of  tNs  specification.  Certification  from  the  manufacturer  is  required  on  the  percentage  of 
total  terpenes  contained  in  the  cleaning  compound.  The  d-nmonene  used  shall  be  of  a  high  grade  with 
no  extraneous  materials. 


3.2.1 .2  Type  II.  Type  II  compound  will  consist  of  one  or  more  of  the  following:  surfactants,  alkaline 
builders,  water  conditioning  agents  and/or  corrosion  Inhibitors. 
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Unacceptabte  Jnatgflals-  The  cleaning  compounds  shall  not  contain  detectable  amounts  of  any  of 
the  following;  aliphatic  and  aromatic  hydrocarbons,  abrasives,  chromates,  cadmium,  lead,  mercury, 
phenols,  cresols,  ketones,  or  chlorinated  compounds,  except  where  specified  within  this  specification. 

The  following  materials  are  unacceptable  unless  they  are  being  used  as  an  essential  active  IngrerJIent  In 
the  cleaner  sodium  chloride,  urea,  sodium  sulfate,  nitrites,  nitrates,  sucrose  or  any  sugars.  They  shall 
not  contain  any  chemical  listed  by  the  current  report  of  known  carcinogens  of  the  National  Toxicology 
Program  (NTP).  The  cleaning  compounds  shall  not  contain  any  hazardous  compounds  as  defined  In  40 
CFR  261  (see  para  4.8). 

3.3  loylctty.  The  cleaning  compound  shall  have  no  adverse  effect  on  the  health  of  personnel  when  used 
for  its  Intended  purpose  and  with  proper  personal  protective  equipment  (when  required).  The  cleaner 
must  be  evaluated  and  approved  for  toxicity  prior  to  listing  on  the  QPL 

3.3.1  Eflcrnulatlon.  The  manufacturer  shall  submit  to  the  qualifying  activity,  SA-ALC/SFTT,  Kelly  AFB  TX 
78241 :  (1)  written  certification  that  the  cieaning  compound  contains  no  substance  known  to  be  above 
toxic  limits  (as  defined  in  29  CFR  and  40  CFR),  and  (2)  a  complete  formulation  Including  the  chemical 
name  and  weight  percent  of  each  ingredient.  Trade  names  alone  will  not  be  considered  satisfaclory  If 
this  Information  Is  proprietary  In  nature,  it  will  be  protected  as  such. 


Material  safety  data  sheet.  The  manufacturer  shall  submit  a  material  safety  data  sheet  (MSDS)  for 
each  component  of  the  product  and  for  the  finished  product  to  the  qualifying  activity,  and  to  the  procuring 
activity.  The  MSDS  shall  be  prepared  In  accordance  with  the  latest  revision  of  FED-STD-313. 

loxicotoqlcal  data-  The  ntanufacturer  shall  submit  a  copy  of  pertinent  toxicological 
data/information  on  their  product  to  the  qualifying  activity. 

3.3.4  Biodegradablllfy-  The  supplier  of  the  cleaning  compound  shall  furnish  certification  from  the 
surfactant  manufacturers  that  the  surfactants  are  readily  biodegradable  In  accordance  with  40  CFR,  Part 
796,  Subpart  D.  Blodegradablllty  testing  shall  be  accomplished  as  specified  in  paragraph  4.6.24  on  the 
finish^  product.  Biodegradability  on  the  finished  product  shall  be  determined  over  28  days  by  the  Shake 
Flask  Method  monitored  by  analysis  of  Total  Organic  Carbon  (TOC).  The  type  I  compound  shall  meet  the 
requirement  of  a  minimum  of  76%  biodegradable  and  the  type  II  compound  shall  meet  the  requirement  of 
a  minimum  of  85%  biodegradable  at  the  end  of  the  28  day  period. 


f ^ffiPPSltlonal  assuranne-  The  cleaning  compound  shall  be  tested  for  nonvolatile  matter  as  specified 
n  ^rapraph  4.6.1  The  concentrated  cleaning  compound  and  a  10%  solution  of  the  cleaning  compound 
In  distilled  water  shall  be  tested  for  pH  as  specified  in  paragraph  4.6.3.  Results  of  these  tests  as  well  as 
an  Infrared  spectrogram  of  the  nonvolatile  matter  (see  4.9)  shall  be  recorded  by  the  qualifying  activity  for 
use  In  qud^  conformance  Inspections  (see  4.4).  Quality  conformance  Inspection  results  for  nonvolatile 
matter  shall  not  differ  by  more  than  2  percent  absolute  from  the  recorded  \ralue.  Quality  confomance 
Inspection  results  for  pH  shall  not  differ  by  more  than  1  pH  unit  from  the  recorded  value.  Quality 
con^onronce  Inspection  Infrared  spectrograms  shall  show  no  significant  difference  when  comparaJ  to  tfie 
original  qualifying  spectrogram. 


3.5  Chemical  properties. 


Chemical  requlremgptg.  The  cleaning  compound  shall  meet  the  requirements  listed  In  Table  I. 
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TABLE  I. 


REQUIREMENT 

TYPEI 

TYPE  11 

MIN 

MAX 

MIN 

MAX 

TEST 

METHOD 


Insoluble  Matter  (WT%) 

Flash  Point  (“F) 

10%  Solution 
Concentrated  Solution 

Emulsion  Characteristics 
(ml  free  water) 

15  min 
8  hours 
24  hours 

Hard  Water  Stability  (ppm  silica) 
d-Umonene  Content  (%  vol) 


None  \1 


1.0 

— 

— 

— 

1.0 

— 

15.0 

20.0 

— 

*  20.0 

4.6.10 

40 

— 

— 

4.6.25 

U  NO  flash  point  should  be  observ^  up  to  the  boiling  point  of  the  compound. 


®  ‘^‘stilled  water  shall  be  less  than  or 

6qual  to  th©  volatility  of  distilled  water  when  tested  In  accordance  with  4.6.4. 

prepared  soluHon  of  the  cleaning  compound  is 

'®^®  ^  fr®shly  prepar^  solirttoi  Is 

fined  as  one  being  prepared  no  longer  than  30  minutes  prior  to  testing.  Weight  change  shall  be  no 
greater  than  that  obtained  with  standart  hanf  water  tested  under  the  same  corS  WcTs 


46  6  ^  concentrated  cleaning  compound,  when  tested  In  accordance  with 

4.6.6,  will  shw  no  marked  color  change  or  precipitation  and  shall  not  corrode  or  stain  the  low  carbon 
test  Ship  (a  sBght  darkening  of  the  steel  strip  shall  not  be  objectionable).  Uyering  or  separation  wiO 
constitute  failure  If  It  does  not  return  to  Its  original  homogeneous  state  upon  Sg 

Jt*®  ®°"°e"‘rated  cleaning  compound  shall  return  to  its  original  homogeneous 
condition  when  tested  In  accordance  vrith  4.6.7.  "umugeneous 


^Ydroggn  BmbrlttlathRnt-  When  tested  in  accordance  with  4611  the  concentmrpH  rinannt-  nnw  « 
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3.7.2  Tcytfll  Immersion  corrosion.  When  tested  In  accordance  with  4.6.12,  the  concentfated  cleaning 
compound  and  a  10%  solution  of  the  cleaning  compound  In  distilled  water  shall  not  show  any  indication 
of  staining,  etching,  pitting,  or  localized  attack  on  any  of  the  panels,  or  cause  a  weight  change  of  an 
average  of  three  (3)  test  panels  greater  than  shown  In  Table  II.  A  slight  discoloration  of  the  panels  shall 
not  be  objectionable. 


TABLE  II.  Total  Immersion  Corrosion  Requirements 


Alloy 

Average  of  3  Panels 

Weight  Loss,  Max 
(mg/cm*/l68  hrs)  \1 

Magnesium  (AZ  31B-H24) 
QQ-M-44  surface  treated 

In  accordance  with 

Type  11  of  MIL-M-3171 

0.21 

Aluminum,  QQ-A-250/4, 

T3  surface  treated  in 

0.49 

accordance  with  Type  1, 
aass  1  of  MiL-A-8625 

Aluminum,  QQ-A-250/4, 

Bare  T3  Alloy 

0.49 

Aluminum,  QQ-A-250/12, 

Bare  T6  Alloy 

0.49 

Titanium.  MIL-T-9046, 

6AMV  Class  Hi. 

Composition  C 

0.35 

Steel,  MIL-S-7052. 

Grade  1020 

1.40 

Steel,  MIL-S-7952, 

Grade  1020,  Hot  Dip 

0.50 

Galvanized  per  ASTM  A 153 

- 

Aluminum-Lithium, 

AA  2090-T-83 

0.21 

Steel,  410  SS, 

0.14 

silver  Plated 

\1  Requirements  listed  Is  for  weight  loss  after  168  hours.  The  weight  loss 


after  24  hours  should  be  reported  only 
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3.7^  Low-embrittllna  cadmium  plate  corrosion.  Steel  panels  coated  with  low-embrittling  cadmium  plate 
Immersed  In  the  concentrated  cleaning  compound  and  a  10%  solution  of  the  cleaning  compound  In 
distilled  water  shall  not  show  a  weight  change  greater  than  0.14  mg/cm‘  for  24  hours  when  tested  In 
accordance  with  4.6.13. 

3.7.4  Effects  on  unpaInted  metal  surfaces.  A  10%  solution  of  the  cleaning  compound  in  distilled  water 
shall  not  cause  streaking,  stains  or  other  deposits  that  cannot  be  easily  removed  with  water  when  tested 
In  accordance  with  4.6.14. 

3.7.6  Sandwich  corrosion.  When  tested  In  accordance  with  4.6.19.  the  cleaning  compound  shall  not 
cetuse  a  corrosion  rating  greater  than  two  (2)  on  any  test  panel. 

3.8  Effect  on  painted  surfaces.  A  25%  solution  of  the  cleaning  compound  in  distilled  water  shall  not 
cause  streaking,  blistering,  discoloration  or  a  permanent  decrease  In  film  hardness  of  more  than  one  (1) 
pencil  hardness  level  when  tested  In  accordance  with  4.6.15.  The  Type  I  material  shall  be  tested  using 
only  the  (P)  Enamel  and  (P)  Polyurethane  Paint  Systems. 

3.9  Stress  crazing  of  stretched  ftvoe  A  and  C)  acrylic  plastics.  The  concentrated  cleaning  compound 
and  a  10%  solution  In  distilled  water  shall  not  cause  stress  crazing  or  staining  of  acrylic  plastics  when 
tested  In  accordance  with  4.6.16. 

3.10  Stress  crazing  of  polycarbonate  plastic.  The  concentrated  cleaning  compound  and  a  10%  solution 
In  distilled  water  shall  not  cause  stress  crazing  or  staining  of  polycarbonate  plastic  conforming  to 
MIL-P-83310  when  tested  in  accordance  with  4.6.17. 

3.11  Long-term  storage  stability.  After  being  stored  for  a  period  of  12  months.  In  accordance  with  4.6.18, 
the  cleaning  compound  shall  not  cause  corrosion  of  the  shipping  container  and  shall  meet  all 
requirements  of  this  specification. 


8.12.1  Type  I.  The  cleaning  compound,  when  tested  as  specified  In  4.6.20,  shall  produce  a  stabilized 
foam  which  shall  not  break  down  nor  produce  more  than  80  ml  of  liquid  after  standing  for  4  minutes. 

3.12.2  Type  II.  The  cleaning  compound,  when  tested  as  specified  In  4.6.20,  shall  produce  a  stabilized 
foam  which  shall  not  break  down  nor  produce  more  than  80  ml  of  liquid  after  standing  for  6  minutes.  The 
foam  produced  with  foam  generating  equipment  shall  cling  to  the  underside  of  panel  surfaces  held  at  60 
degrees  to  the  horizontal  and  shall  remain  on  all  panels  tested  for  not  less  than  60  seconds. 

3.13  Workmanship.  The  cleaning  compound  shall  be  a  liquid  having  a  uniform  and  homogenous 
appearance.  The  cleaning  compound  shall  be  manufactured  from  materials  entirely  suitable  for  the 
purpose  intended  and  shall  be  processed  In  a  manner  that  will  produce  a  product  harmless  to  metal 
surfaces  and  humans  when  used  as  directed. 


3.14  Effect  on  polysulflde  sealants.  A  25%  solution  of  the  cleaning  compound  in  distilled  water  shall  not 
change  the  duromster  hardness  of  the  polysulHde  sealant  by  more  than  5  units  when  tested  in 
accordance  with  4.6.21 . 
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Bubbor  compatibility.  A  25%  solution  of  the  cleaning  compound  In  distilled  water  shall  not  change 
the  durometer  hardness  more  than  6  units  when  tested  In  accordance  with  4.6.22. 

Cteanlnq  efflclenpy.  When  evaluated  In  accordance  with  paragraph  4.6.23,  the  cleaning  compound 
shaU  exhibit  a  cleaning  efficiency  equal  to  or  better  than  the  control  formula. 

4.  QUALITY  ASSURANCE  PROVISIONS 

BfiSPonsIbllltY  for  Inspection-  Unless  otherwise  specified  in  the  contract,  the  contractor  Is  responsible 
for  the  performance  of  all  Inspection  requirements  as  specified  herein.  Except  as  otherwise  specified  in 
the  contracL  the  contractor  may  use  his  own  or  any  o^er  feicllltles  suitable  for  the  performance  of  the 
inspection  requirements  specified  herein,  unless  disapproved  by  the  Government.  The  Government 
reserves  the  right  to  perform  any  of  the  Inspections  set  forth  in  the  specification  when  such  Inspections 
are  deemed  necessary  to  assure  supplies  and  services  conform  to  prescribed  requirements. 

^•2  Classificatipn  of  tests.  The  Inspection  and  testing  of  the  cleaning  compound  shall  be  as  follows.  The 
inspection  terms  used  herein  are  as  defined  In  MIL-STD-109. 

a.  Qualification  Inspection  (4.3). 


b.  Quality  conformance  Inspection  (4.4). 


4.3  £2u 
herein. 


Qualification  Inspection  shall  consist  of  all  inspections  and  tests  specified 


QuallflcatlorLSamples-  The  initial  qualification  samples  shall  consist  of  8  lltets  (2  gallons)  of  the 
cleaning  compound.  The  cleaning  compound  shall  be  furnished  In  containers  of  the  type  to  be  used  in 
flllhig  contract  orders.  Samples  shall  be  identified  as  follows  and  forwarded  to  the  activity  responsible  for 
testing,  as  designated  In  the  letter  of  authorization  from  the  activity  responsible  for  qualification  (See  6.4): 

-  Samples  for  Qualification  Tests. 

-  Cleaning  Compound,  Aerospace  Equipment,  Type  (1  or  II), 

-  MIL-C-87937. 

-  (Manufacturers  Product  and  Code  Number) 

-  (Name  and  Address  of  Contractor) 

•  -  Submitted  by  (Name),  (Date)  for  Qualification  Testing  In  Accordance  with  the  Requirements  of 
MIL-C-87937  Under  Authorization  (Reference  Authority  Letter). 

-  (Mixing  and  Other  Important  Instructions.) 

-  (Safety  Information  and  Precautions.) 

4.3.2  lest  reports-  in  addition  to  the  qualification  test  samples,  the  contractor  shall  furnish  a  certified  test 
report  showing  that  the  material  conforms  to  all  the  requirements  of  this  specification  with  the  exception  of 
the  storage  stability  test.  Additionally,  a  certifled  statement  shall  be  furnished  to  the  qualifying  activity  that 
speciflcally  Identifies  each  ingredient  Including  solvent,  In  the  cleaning  compound  by  a  readily 
recognizable  chemical  name,  source  and  the  percentage  by  weight  contained  In  the  compound.  Trade 
names  alone  wiH  not  be  considered  satisfactory. 
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fluallficatfon  requlmft.  Prior  to  actual  procurement,  the  cleaning  compound  shall  pass  the 

Inspe^^  and  requirements  specified  hereia  If  the  product  Is  later  modified  fn  any  way,  the 
nvxlified  form  shall  be  sui^ected  to  and  shall  pass  the  same  qualification  inspections  (see  3.1).  Any 
ohangM  or  n^ificatlons  from  the  formulation  used  at  the  initial  qualificaUon  shall  be  approved  by  the 
qualifying  activity  and  may  require  requalification.  All  qualifications  will  be  granted  contingent  upon 
compliance  with  the  long  term  storage  stability  requirement  specWed  In  paragraph  3.1 1 . 


consist  of  the  following  tests. 


Quality  confonnance  teste  for  acceptance  of  the  cleaning  compound  shall 


A  Cold  Stability 

B.  Insoluble  Matter 

C.  Immersion  Corrosion* 

D.  Emulsion  Characteristics 
E  Nonvolatile  Matter 

F.  Hard  Water  Stability 
Q.  pH 

H.  Flash  Point 

I.  Infrared  Spectrogram 

*immer8lon  Corrosion  Quality  Conformance  Test  ran  on  Aluminum  QQ-250/4,  Bare  T3  alloy  panel  only. 

If  during  quality  conformance  testing  a  lot  falls  any  of  the  above  acceptance  tests,  all  tests  reouired  for 
qua Wication  wOl  be  mlnstltuted.  These  quaHflcatlon  tests  will  be  required  until  two  successive  tots  meet  all 
|:Sag^T4°6)*^*  epecificatlon.  after  which  quality  conformance  testing  will  again  be  authorized.  (See 

4.4.1  gampllng.  Unless  otherwise  specified,  not  less  than  a  3.8  liter  (1  gal)  container  of  the  cleanina 
compound  shall  be  selected  at  random  from  each  tot  and  subjected  to  L  tests  ^^Ifted  in  aT 

4.4.2  Lot.  A  lot  shall  consist  of  one  of  the  following; 

a.  The  cleaning  compound  produced  In  not  more  than  24  consecutive  hours  from  a 
continuous  process  which  Is  used  to  fill  shipping  containers  directly  from  the  process 

production  of  product  by  continuous  Input  of 
raw  mat^als  and  output  of  finished  product  by  one  manufacturer  in  one  plant  with  no 
change  In  manufacturing  conditions  or  materials. 

b.  The  cleaning  compound  from  Individual  runs  of  a  batch  process  which  is  used  to  fill 
shlpplf^  containers  directly  from  the  process  output.  A  batch  process  shall  be  the 
produrton  of  product  by  runs  from  single  addlUons  of  raw  materials  which  are  mixed 
reacted,  and/or  purifled  forming  the  product, 

H  hlw  compound  from  either  or  both  the  continuous  and  batch  processes  which 

orid^ct^wni  subsequently  withdrawn  to  fill  shipping  containers.  The 

S,  ^  hornogeneous  at  the  time  of  withdrawal  and  shall  not  be  added  to  while 

separate'to/*'^"^  addition  to  the  storage  tank,  the  contents  shall  constitute  a 
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4,4.3  Sampllnn  of  product.  Unless  otherwise  specified,  quality  conformance  tests  shall  be  made  on  the 
sample  of  product  taken  directly  from  the  filled  containers.  The  number  of  filled  containers  selected  for 
sampling  from  each  lot  shall  be  In  accordance  with  Table  III.  The  first  and  last  containers  to  be  filled 
within  a  given  lot  shall  be  sampled.  Other  containers  will  be  selected  at  random.  The  contents  of  each 
selected  container  for  sampling  shall  be  thoroughly  mixed  by  rolling  and  Inverting  Immediately  prior  to 
sami^ng.  The  samples  may  be  obtained  In  any  convenient  manner  that  does  not  compromise  the 
Integrity  of  the  sample.  The  sampled  corttalners  shall  be  subjected  to  the  Inspections  specified  In  4.4.5. 


TABLE  III.  Samollna  for  Tests 


Number  of  Containers 

In  lot 

Number  of  Containers 
to  be  sampled 

2to  15 

2 

16  to  25 

3 

26  to  90 

5 

91  to  150 

8 

151  to  280 

13 

281  to  500 

20 

501  to  1200 

32 

1201  to  3200 

50 

3201  to  10000 

80 

10001  to  35000 

125 

35001  to  150000 

200 

150001  to  500000 

315 

500001  and  over 

500 

4.4.4  Inspection  of  materials.  The  contractor  Is  responsible  for  Insuring  that  materials  and  components 
used  are  ntanufactured,  tested  and  Inspected  in  accordance  with  the  requirements  of  referenced 
subsidiary  specificaticms  and  standards  to  the  extent  specified,  or.  If  none,  In  accordance  with  this 
specification.  (See  2.3) 

4.4.5  Inspection  of  the  end  Item.  Examination  of  the  end  Item  shall  be  made  In  accordance  v4th  the 
following  classification  of  defects.  The  lot  size,  for  purposes  of  determining  the  sample  size  in  accordance 
with  Table  III,  shall  be  expressed  in  units  of  filled  primary  containers  for  the  examination  specified  In 
4.4.5.1,  and  4.4.5.2,  and  In  units  of  shipping  containers  for  the  examinations  specified  In  4.4.5.3. 

4.4.5.1  Examination  for  container  defects.  The  end  Item  containers  shall  be  examined  for  defects  In 
appearance,  closure,  construction,  workmanship,  and  markings  in  accordance  with  Table  iV. 
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TABLE  IV.  Examination  for  Container  Defects 


EXAMINATION 

DEFECT 

-Appearance,  construction,  and 
workmanship 

Not  In  container  specified,  cracked, 
crushed,  or  any  defect  affecting 
serviceability.  Not  clean;  evidence  of 
dirt,  rust,  or  foreign  matter. 

-Closure 

Any  leakage  or  seepage  of  contents  In 
either  an  upright  or  horizontal  position. 
Closure  not  as  specified. 

-Markings 

Omitted,  Illegible,  incorrect,  or  not  In 
accordance  with  contract 
requirements. 

Examination  for  net  contents-  The  quality  of  the  batch  shall  be  unacceptable  If  the  average  net 
content  Is  less  than  the  specified  or  indicated  quantity. 

Examination  of  Dreparatlon  for  delivery.  An  examination  shall  be  made  to  determine  the  packing, 
palletization,  and  markings  comply  with  Section  6  and  Table  V. 


TABLE  V.  Examination  of  Preparation  for  PellvRry 


EXAMINATION 

DEFECT 

-Packing 

Container  not  as  specified.  Arrangement 
or  number  of  unit  containers  per  pallet 
(as  applicable)  not  In  accordance  with 
contract  requirements.  Loose  or 
inadequate  strappings,  bulged  or 
distorted  containers. 

-Palletization 

Palletization  not  in  accordance  with 
requirements. 

-Markings 

Data  Illegible,  Incorrect,  incomplete  or 
not  In  accordance  with  contract. 

Balgctlon  and  ratast-  When  any  sample  of  the  product  examined  and  tested  in  accordance  with 
this  specification  falls  to  conform  to  the  requirements  specified  herein,  the  entire  lot  represented  by  the 
sample  shall  be  rejected.  Rejerted  material  shall  not  be  resubmitted  for  acceptance  without  prior 
approval  of  the  qualifying  activity.  The  application  for  resubmisslon  shall  contain  full  particulars 
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concerning  previous  rejections  and  all  measures  taken  to  correct  those  defects.  Samples  for  retest  shall 
be  taken  from  previously  unopened  product  containers. 

4.5  Testing  standards.  Ail  laboratory  tests  shall  be  conducted  at  standard  conditions  unless  otherwise 
specified  herein.  Standard  conditions  are  defined  by  FED-STD-1 41,  Section  9.  Unless  otherwise 
specified,  all  chemical  tests  shall  be  made  with  ACS  specification  reagent  grade  chemicals.  Unless 
otherwise  specified,  all  product  dilutions  will  be  made  with  distilled  water  which  conforms  to  the 
requirements  of  ASTM  D  1193,  Type  IV,  reagent  water. 

4.6  Test  methods. 


4.6.1  Nonvolatile  matter.  Weigh  5  ±  0.01  g  of  the  sample  in  a  porcelain  or  glass  dish  about  6  to  8  cm  In 
diameter  and  about  2  to  4  cm  In  depth.  Dry  to  constant  weight  In  an  air  oven  at  a  temperature  of 
105  ±  2*C.  Constant  weight  is  attained  when  successive  heating  for  1-hour  periods  shows  a  loss  (or 
gain)  of  not  more  than  0.1%.  Nonvolatile  matter  determinations  shall  be  made  on  a  minimum  of  two 
samples  and  the  average  shall  be  reported.  If  the  two  weights  differ  by  more  than  0.5%  the  procedure 
shall  be  repeated.  The  nonvolatile  content  of  the  each  sample  shall  be  calculated  as  follows. 


%NVM  = 


iJ 


X  100 


Where:  A  =  Weight  of  residue  v 

B  -  Weight  of  sample 
%NVM  =•  Percent  nonvolatile  matter 

4.6.2  Insoluble  matter-  The  concentrated  cleaning  compound  shall  be  thoroughly  agitated  and  a  200  ml 
test  sample  withdrawn.  The  insoluble  matter  shall  be  collected  with  the  aid  of  a  vacuum  filtering 
apparatus  consisting  of  a  water  tap  filter  pump,  a  2,000  ml  Erlenmeyer  flask,  a  size  4  (126  mm  ID) 

Buchner  funnel  and  a  piece  of  126  mm  diameter  Whatman  No  S  filter  paper,  or  equivalent.  The  litter 
paper  shall  be  dried  at  60“C  (140®F)  for  30  minutes  In  a  gravity  convection  oven,  cooled  for  3  minutes  in  a 
desiccator,  and  weighed  to  the  nearest  0.1  mg.  The  filter  paper  shall  be  placed  In  the  Buchner  funnel  so 
that  its  circumference  coincides  with  the  circumference  of  the  funnel.  The  vacuum  shall  be  started  and 
the  filter  paper  wetted  with  approximately  10  ml  of  distilled  water  in  order  to  secure  It  properly  In  place. 
The  test  sample  shall  be  filtered.  The  sides  of  the  beaker  which  contained  the  test  sample  shall  be  rinsed 
with  25  ml  of  distilled  water  from  a  wash  bottle,  and  the  rinse  transferred  to  the  funnel.  Insuring  tliat  any 
remaining  Insoluble  matter  Is  completely  transferred  with  the  rinse.  When  all  the  Initial  liquid  and  the  rinse 
have  been  transferred  through  the  filter,  the  sides  of  the  funnel  shall  be  washed  with  25  ml  of  distilled 
water  from  a  wash  bottle  and  the  rinse  allowed  to  filter.  The  vacuum  on  the  flask  shall  be  relieved  and 
the  filter  paper  removed  from  the  funnel.  The  fitter  paper  shall  be  dried  for  1  hour  at  60*0  (140*F)  In  a 
gravity  convection  oven,  cooled  for  3  minutes  in  a  desiccator,  and  weighed  to  the  nearest  0.1  mg.  The 
percent  Insolubles  shall  be  calculated  as  follows: 
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A  -  B 


X  100 


Where:  A  ■  Rnal  filter  paper  weight 

B  >=  Initial  filter  paper  weight 
W  =  Weight  of  sample 
I  s  %  wt  insoluble  matter 


Care  should  be  exercised  throughout  the  final  drying  and  weighing  cycle  to  maintain  the  flat  surface  of  the 
filter  paper  In  a  horizontal  position  In  order  that  none  of  the  Insoluble  matter  will  be  lost  Insoluble  matter 
determinations  shall  be  made  on  a  minimum  of  two  samples  and  the  average  shall  be  repotted.  If  the  two 
results  differ  by  more  than  0.5%  the  procedure  shall  be  repeated. 

4.6.3  pH  VflIUB.  The  pH  value  of  the  concentrated  cleaning  compound  and  a  10  percent  solution  of  the 
cleaning  compound  in  freshly  boiled  distilled  water  shall  be  measured  in  accordance  with  ASTM  E  70. 

4.6.4  VQiafflIty-  A  petri  dish,  9  centimeters  In  diameter  and  1.6  centimeters  deep  shall  be  placed  on  each 
pan  of  a  two-pan  beam  balance  with  a  minimum  of  a  ±  0.5  gram  precision.  A  sufficient  amount  of  a  10% 
solution  of  the  compound  In  distilled  water  shall  be  added  to  cover  the  entire  bottom  of  one  of  the  dishes 
Distilled  water  shall  be  carefully  poured  In  the  other  dish  until  the  dish  containing  the  compound  is 
counterbalanced.  The  balance  with  filled  dishes  on  the  pans  shall  be  exposed  for  60  minutes  in  a  draft 
free  atmosphere  having  a  temperature  of  25  ±  3  *0  (75  ±  5  ‘F).  At  the  end  of  the  exposure  period,  the 
comparative  weight  loss  will  be  determined. 

4.6.5  Besidue  rinsiblllty.  Six  smooth  aluminum  dishes,  containing  no  creases  or  crevices,  shall  be 
cleaned  in  a  solution  of  Brite-Boy,  (from  3D  Inc.,  or  equivalent),  rinsed,  dried,  and  weighed.  Ten -ml  of  a 
26%  by  volume  solution  of  the  cleaning  compound  In  standard  hard  water  (See  4.6.10.1)  shall  be  placed 
in  three  of  the  precleaned  dishes  and  tested  as  follows: 

Dry  for  7  1/2  hours  In  a  circulating  oven  at  68  ±  2  ‘C  with  full  draft.  Cool  In  desiccator  overnight  and 
weigh.  Rinse  with  running  distilled  water  for  1  minute.  Brush  with  a  sash-type  brush  containing  long-fiber 
bristles  (2.5  cm  diameter  by  3.8  cm  to  6.4  cm  long)  for  1  minute  using  distilled  water.  Rinse  for  30 
seconds  with  running  distilled  water.  Dry  in  oven,  cod  and  reweigh.  Standard  hard  water,  prepared  as 
desr^ed  fa  4.6.10.1,  shall  be  tested  as  contrd  for  weight  change  comparison  fa  the  remaining  three 
procl63ned  dishes,  using  the  same  procedure  as  above. 

4.6.6  Heat  stability.  A  141.75  g  sample  of  the  well  mimf  concentrated  cleaning  compound  shall  be 
pla^  Into  each  of  two  clean  256  ml  (12  oz)  clear  glass  bottles  having  approximate  dimensions  of  24  cm 
In  height  by  6.35  cm  in  diameter  (9.5  fa  x  2.5  in).  One  bottle  containing  the  concentrated  cleaning 
compout^  Stoll  be  sealed  with  a  screw  type  cap  and  stored  In  a  dark  place  at  standard  conditions  for  6 
days  (144  hrs  for  reference  purposes.  Place  into  the  second  bottle  of  concentrated  cleaning  compound 
a  strip  ^  steel  15.24  cm  by  1.27  cm  by  0.05  cm  (6  In  x  0.6  In  x  0.02  In)  conforming  to  MIL.S-7952 
Clean  the  steel  strip  by  abrasively  poUshIng  to  remove  surface  scale  and  corrosion  followed  by  immersion 
fw  one  minute  In  xylene  (ASTM  D  846)  followed  by  immersion  for  one  minute  In  Isopropyl  alcohol 
(TTh-735,  grade  A)  at  standard  conditions.  Seal  the  bottle  containing  the  concentrated  cleaning 
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compound  and  the  cleaned  steel  strip  with  a  screw  type  cover  and  shake  thoroughly  for  1  minute.  Place 
the  bottle  In  a  bath  maintained  at  46  ±  2  *0  (115  ±  3  ’F)  for  5  hours,  then  remove  and  allow  to  cool  to 
ambient  conditions  for  19  hours.  This  heating/cooling  cycle  will  be  repeated  6  times.  After  completion  of 
the  test  period,  remove  the  test  strip  and  Ir^pect  the  portion  of  the  strip  which  was  Immersed  In  the 
cleaning  compound  and  the  portion  exposed  to  the  vapor.  Any  corrosion,  pitting  or  discoloration 
constitutes  failure.  The  bottle  Is  resealed  and  along  with  the  control  bottle,  that  has  been  maintained  In 
the  dark.  Is  shaken  thoroughly  for  1  minute,  then  allowed  to  remain  urtdisturbed  for  1  hour  at  room 
temperature.  The  bottles  are  then  examined.  Any  marked  change  In  color,  precipitation,  layering  or 
separation  constitutes  failure. 

4.6.7  Cold  stability.  A  50  ml  sample  of  the  cleaning  compound  shall  be  poured  Into  a  suitable  test  tube 
and  cooled  to  0*C.  This  temperature  shall  be  maintained  for  one  hour.  The  compound  shall  then  be 
allowed  to  reach  room  temperature.  After  5  (five)  complete  temperature  Inversion  cycles  of  the  test  tube, 
the  compound  shall  be  examined  for  homogeneity. 

4.6.8  Flash  point.  The  flash  point  of  the  concentrated  cleaning  compound  (both  types)  shall  be 
determined  in  accordance  with  ASTM  D  56.  The  flash  point  of  the  10%  solution  In  distilled  water  (Type  I 
only)  shall  be  determined  in  accordance  with  ASTM  D  92. 

Emulsion  characteristics.  Twenty  ml  of  a  25%  by  volume  solution  of  the  cleaning  compound  shall 
be  placed  in  a  50  ml  glass  stoppered,  graduated  cylinder.  Twenty  ml  of  lubricating  oil  conforming  to 
MIL-L-2104,  grade  10W  shall  be  added.  An  emulsion  shall  be  formed  by  10  inversions  of  the  graduated 
cylinder  followed  by  a  vigorous  15  second  shake.  After  the  emulsion  has  stood  for  5  minutes,  the  15 
second  shake  shall  be  repeated.  At  15  minutes  and  8  hours  for  the  Type  I  cleaner,  or  at  15  minutes  and 

24  hours  for  the  Type  II  cleaner,  the  amount  of  free  water  and  cleaner  which  separates  from  the 
lubricating  oil  shall  be  recorded. 

4.6.10  Hard-water  stability. 

^-S-IO.I  Preparation  of  stock  solution.  A  20-graln  (as  CaC03)  hard-water  stock  solution  shall  be  prepared 
by  dissolving  0.40  ±  0.005  g  of  reagent  grade  Calcium  Acetate,  Ca(CjH30,)j*2H,0  and  0.28  +  0.005  g 
of  reagent  grade  Magnesium  Sulfate,  MgSO^^TH^O,  in  1  liter  of  boiled  distilled  water. 

4.6.10.2  Procedure.  Using  a  5  ml  volumetric  pipet  transfer  5  ml  of  a  25%  by  volume  solution  of  cleaning 
compound  into  each  of  3  clean  50  ml  volumetric  flasks.  Add  hard-water  stock  solution  to  each  of  3  flasks 
to  make  50  ml.  Each  solution  shall  be  well  mixed  and  allowed  to  stand  undisturbed  for  24  hours  at 

25  ±  1  *C.  Each  solution  shall  then  be  visually  examined  for  precipitation.  Agitate  each  solution  by 
Inverting  the  flask  five  times.  The  turbidity  shall  be  measured  with  a  Helllge  turbidimeter  or  equivalent 
non-photometric  instrument  and  calibrated  as  ppm  silica. 

4.6.11  Hydrogen  embrittlement.  The  hydrogen  embrittlement  properties  of  the  cleaning  compound  shall 
be  determined  In  accordance  with  ASTM  F  519  using  Type  la.  Treatment  B  AISI  4340  steel  specimens. 

4.6.12  Total  immersion  corrosion.  The  total  immersion  corrosion  effects  of  the  cleaning  compound  on 
the  new,  unused  metals  and  metal  alloys  listed  In  Table  II  shall  be  determined  in  accordance  with 
ASTM  F  483.  In  order  to  obtain  the  best  results  on  test  panels  In  this  very  low  weight  category,  the 
panels  must  be  handled  with  gloves,  cleaned  In  a  very  careful  manner  and  dried  In  an  oven.  They  are 
cooled  and  dried  in  a  desiccator  both  before  and  after  each  weighing. 
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4.6.13  Lmy  embrittling  cadmium  obte  corrosion.  The  cleaning  compound  shall  be  evaluated  for 
corrosion  on  low-embrittling  cadmium  plate  in  accordance  with  ASTM  F  1111. 

4-6.14  Effects  on  unoalnted  metal  surfaces.  The  cleaning  compound  shall  be  evaluated  for  effects  on 
unpainted  metal  surfaces  in  accordance  with  ASTM  F  485. 

4-6.15  Effect  on  painted  surfaces.  Prepare  a  25%  solution  of  cleaning  compound  with  distilled  water. 
Test  both  the  25%  solution  and  concentrate  In  accordance  with  ASTM  F  502  except  that  the  panels  used 
for  testing  shall  be  coated  with  the  paint  systems  listed  In  Table  VI.  For  all  paint  systems  tested,  a 
separate  panel  wlH  be  required  for  both  25%  solution  and  concentrate.  For  Type  II  compound,  conduct 
the  test  on  all  paint  systems  listed  In  Table  VI.  For  Type  I  compound,  conduct  the  test  only  on  the 
enamel  (F)  and  polyurethane  (P)  paint  systems. 

4.6.16  Stress  crazing  of  stretched  (type  A  and  Cl  acrvllo  plastics.  The  cleaning  compound  shall  be 
evaluated  for  stress  crazing  of  stretch  fType  A  and  C)  acrylic  plastics  In  accordance  with  ASTM  F  484. 

4.6.17  Stress  crazing  of  polycarbonate  plastic.  The  cleaning  compound  shall  be  evaluated  lor  stress 
crazing  of  polycarbonate  plastics  using  the  test  procedure  outlined  in  ASTM  F  484  with  the  exception  tlial 
the  acrylic  plastics  called  for  In  the  procedure  be  replaced  with  polycarbonate  plastic  conforming  to 
MIL-P-83310  of  the  same  dimensions  and  the  polycarbonate  specimens  shall  be  stressed  for  30  ±  2 
minutes  to  an  outer  fiber  stress  of  2000  psi. 

4-6.18  Long  term  storage  stability.  The  cleaning  compound  shall  be  prepared  and  stored  for  long  temi 
storage  stability  In  accordance  with  ASTM  F  1104  using  two  (2)  3.8  liter  (one-gallon)  cans  conforming  to 
PPP-P-704  or  non-metalllc  DOT  34-5. 

4-6.19  Sandwich  corrosion.  The  cleaning  compound  shall  be  tested  in  accordance  with  ASTM  F  1110 
except  that  non-conformance  shall  be  determined  by  the  requirements  specified  In  paragraph  3.7,5. 

4.6.20  Foaming  properties. 

4.6.20.1  lype  I  and  type  II-  One  part  of  the  concentrated  cleaning  compound  will  be  mixed  with  15  parts 
water.  100  ml  of  this  mixture  shall  be  placed  In  a  600  ml  capacity  blender  with  a  maximum  9.5  cm  (3.75 
Inch)  outside  diameter.  The  blender  shall  be  turned  on  and  run  for  2  minutes  at  8000  ±  1000  rpm.  A 
stabilized  foam  is  Indicated  by  negligible  agitation  at  the  upper  surface.  The  blender  shall  be  turned  off 
after  2  minutes  arxl  allowed  to  stand  undisturbed  for  the  time  specified  In  paragraph  3.12. 

4.6.20.2  Ivpg  II  only.  If  the  cleaning  compound  meets  the  requirements  of  4.6.20.1  the  test  shoijid  be 
continued  by  spraying  as  a  foam  from  a  B&B  Chemical  Porlafoamer  20  or  equivalent,  using  tap  water. 

The  first  application  shall  be  made  to  an  aluminum  panel,  61  x  61  cm  (24  x  24  In),  from  a  Ixjse  having  an 
Inside  diameter  of  2.5  cm  (1  in)  and  15.2  to  22.9  m  (50  to  75  ft)  long  at  a  dllutfon  ratio  set  at  1  part 
compound  to  9  parts  water.  The  second  application  shall  be  made  to  a  similar  panel  with  a  hose  having 
an  Inside  diameter  of  1.9  cm  (3/4  In)  and  7.6  m  (25  ft)  In  length  with  dilution  set  at  1  part  compound  to  9 
parts  water.  The  panels  shall  be  held  at  an  angle  of  60  degrees  to  the  horizontal. 
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TABLE  VI.  Test  Panel  Finishes 


Primer  Coatings 

Panel 

Set 

No. 

Primer  Material  Specification 

Dry  Film  Thickness 

Per  Coat/ 
mm  (inches) 

No.  of 
Coats 

Drying  Time  Before 
Topcoating 

L 

MIL-(>8514,  Coating 

Compound  Metal  Pretreatment 
ResiivAcId  (Firat  Coat) 

0.0051  -  0.0102 
(0.0002  -  0.0004) 

1 

2  •  8  hours 

MIL-P-7962,  Lacquer  Primer 
(Second  Coat) 

0.0076  -  0.0127 
'  (0.0003  -  0.0005) 

1 

2  -  8  hours 

EPH 

MIL-P-23377,  Primer,  Coating 
Epoxy-Polyamide 

1  0.0178  -  0.0229 

(0.0007  -  0.0009) 

1 

2-8  hours 

F 

TT-P-1757  Primer  Coating  Zinc 
Chromate 

0.0178  -  0.0203 
(0.0007  -  0.0008) 

1 

2  -  8  hours 

Top  Coats,  Color  Number  17925  per  FED-STD-595 

Panel 

S^ 

Topcoat 

Material 

Dry  Film 

Thickness  Per 
Coat/  mm 
(Inches) 

No.  of 
Coats 

Drying 

Time 

Between 

Coats 

Dry  Film 

Thickness  mm 
(Inches) 

Days  to 
Dry 

Before 

Testing 

L 

TT-L-32 

Lacquer, 

Acrylic  Gloss 

0.0102  -  0.0127 
(0.0004  -  0.0005) 

2 

1  hour 

0.0203  -  0.0254 
(0.0008  -  0.0010) 

7 

E 

MIL-C-22750 

Coating, 

Epoxy 

Topcoat 

0.0102  -  0.0127 
(0.0004  •  0.0005) 

2 

1  hour 

0.0203  -  0.0254 
(0.0008  -  0.0010) 

7 

P 

MIL-C-83286 

Polyurethane 

0.0203  -  0.0305 
(0.0008  •  0.0012) 

2 

1  1  hour 

0.0457  -  0.0610 
(0.0018  -  0.0024) 

7 

H 

MIL-C-85285 

same  as  P 

F 

Tr-E-529 

Enamel 

Semigloss 

0.0203  •  0.0305 
(0.0008  -  0.0012) 

— 

2 

1  hour 

0.0457  -  0.0610 
(0.0018  -  0.0024) 

7 

0 

DOD-P-23236 
Paint  Coating 
Requires  No 
Primer 

0.0457  -  0.0610 
(0.0018  -  0.0024) 

1 

24  hours 

I 
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4.6.21.1  Eceparatton  of  test  specimens-  MIL-S-8I733,  Type  1.  and  MIL-S-88O2,  Type  1,  sealants  shall  be 
mixed  as  specified  by  their  respective  manufocturers  and  each  pressed  Into  a  1/8  Inch  thick  sheet  mold 
until  cured  Ohis  will  be  the  sheet  stock  for  each  sralant).  The  sealants  will  be  cured  for  7  days  at  49^. 
The  specimens  shall  be  cut  from  the  sheet  stock. 

4-6-21.2  lest  procedures-  immerse  two  specimens  of  each  sealant  In  a  25%  solution  of  the  cieaning 
compound  at  room  temperature  for  30  minutes.  Remove  from  the  solution,  rinse  with  cool  teip  water,  and 
tost  withbi  30  minutes  for  Shore  A  hardness  in  accordance  with  ASTM  D  2240. 

4-6-22  lest  on  rubber  compatibility.  Tests  will  be  conducted  on  AMS  3204  and  AMS  3209  rubbers  for 
compatibility  with  the  cleaning  compounds. 

4.6.22.1  Ereparatton  ,pf  test  specimens.  Three  (3)  test  specimens  will  be  used  for  each  type  rubber 
specified.  Test  specimens  will  be  cut  from  1/8  Inch  sheet  stock. 

4*6-^-^  lost  procedure.  Test  and  record  the  Shore  A  hardness  of  each  test  specimen  In  accordance 
with  ASTM  D  2240.  Immerse  each  specimen  In  25%  solution  of  the  cleaning  compound  at  room 
temperature  for  30  minutes.  Remove  from  the  solution,  rinse  with  cool  tap  water,  and  test  within  30 
minutes  for  a  Shore  A  hardness  In  accordance  with  ASTM  D  2240. 

4.6.23  Cleanlna  efflclencv. 


4.6.23.1  Eceparatton  of  control  formula»  The  control  formula  shall  be  prepared  by  the  testing  laboratory  In 
accordance  with  Table  VII  and  subjected  to  the  cleaning  test  The  cleaning  efficiency  of  the  cleaning 
impound  shall  be  compared  to  the  cleaning  efficiency  of  the  corresponding  control  formula  to  determine 
» the  cleaning  compound  meets  the  requirements  of  paragraph  3.16. 

TABLE  VII.  Control  Formulas  for  Claaninn  Pffinlcinr.u  Taof 


Component 


d-limonene 


Composition  (%  by  weight)  \l 


Control  for  Type  I 


Control  for  Type  II 


Cleaning  Compounds  Cleaning  Compounds 


di-ethanolamlne  5  q  _ 

non-lonic  surfactant  (Triton  X-100)  5.0  2  0 

sodium  metaslllcate  pentahydrate  _  7  q 

trisodlum  phosphate  dodecahydrate  (O-S-642)  _  5  q 

ethylene  glycol  monoethyl  ether  (lT-E-781)  —  0  q 

distilled  water  (ASTM  D  1 193,  type  IV)  60.0  ao  0 

VI.  Tlwse  formulations  are  corrosive  and  solely  Intended  for  use  as  the  control  for  the  cleanlno 
efficiency  test.  They  will  not  qualify  to  the  other  requirements  listed  In  this  specification. 
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4.6.23.2  Panel  preparation.  Aluminum  alloy  panels  .15.2  x  6.4  x  0.05  cm  (6  x  2.5  x  0.02  In)  shall  be 
finished  In  accordance  with  panel  set  no.  P  of  Table  VI.  Panels  shall  then  be  conditioned  for  one  week  at 
66*C  (150^.  Only  those  panels  having  a  OO^Iegree  gloss  not  less  than  2.0  and  not  more  than  4.0  shall 
be  used  for  this  test.  The  lightness  value  (L-value  in  a  L-a-b  color  system)  shall  be  measured  using  a 
McBeth  101DS  colorimeter  (illumlnant  C)  or  equivalent  prior  to  soil  application  (Lv),  prior  to  cleaning  (Ls), 
and  following  cleaning  (Lc). 


4.6.23.3  Soil  preparation.  Hydraulic  fluid  soil  shall  be  prepared  by  blending  50  grams  of  carbon  black 
and  500  grams  of  MIL-H-83282  fluid  with  a  speed  Cowles  type  dispersator  for  15  minutes.  Molybdenum 
disulfide  grease  soli  shall  be  prepared  by  blending  50  grams  of  carbon  black  and  500  grams  of 
MIL-G-21164  grease  with  a  mechanical  grease  worker  for  15  minutes.  Wire  rope  lubricant  (Sprayon  No. 

201)  is  applied  from  an  aerosol  spray  can  as  received. 

f 

4.6.23.4  ADDllcatlon  of  hydraulic  fluid  and  grease  soils.  Using  a  soft  bristle  brush,  gently  paint  tfie  coated 
surface  of  a  test  panel  with  the  test  soli.  Remove  excess  hydraulic  fluid  soli  by  covering  the  test  panel 

wkh  folded  absorbent  tissue  and  exerting  pressure  by  roiling  over  the  tissue  with  a  five  pound  rubber  » 

cylinder:  Repeat  this  blotting  procedure  twice.  Remove  excess  grease  soil  by  stroking  the  test  (lanel  with 
a  piece  of  MiL-C-83957  cleaning  pad  5  times.  Brush  each  test  panel  using  ten  strokes  of  a  hog  gristle 
brush  (PacKIc  Scientific,  Bethesda,  MD;  catalog  no.  WG2000B  or  equivalent).  Each  freshly  soiled  panel 
shall  be  baked’ at  105  ±  1*C  (221  ±  2T)  for  60  minutes  then  cooled  to  room  temperature  arid  utred  within 
4  hours. 


4.6.23.5  Application  of  wire  rope  lubricant.  Place  wire  rope  lubricant  (Sprayon  No.  201)  onto  a  test  panel 
and  immediately  wipe  back  and  forth  using  a  piece  of  MIL-C-83957  cleaning  pad  (3/8  Inch  thickness)  to 
achieve  a  uniform  soil  In  the  center  of  the  panel.  Color  and  uniformity  of  all  test  panels  shall  be  similar. 
Bake  the  soiled  test  panels  at  105  ±  1*C  (221  ±  2®F)  for  60  minutes  then  cool  to  room  temperature  prior 
to  use. 


4.6.23.6  Cleaning.  The  test  panel  shall  be  cleaned  using  a  Gardner  heavy  duty  wear  tester,  or  equivalent, 
fitted  with  a  cellulose  sponge.  The  sponge  shall  be  cut  such  that  the  dimension  parallel  to  tiie  cleaning 
stroke  Is  9  cm  (3.5  In)  and  the  width  Is  7  cm  (2.76  In).  The  cleaning  head  with  the  dry  sponge  attached 
shall  be  weighed  to  a  mass  of  1370  to  1380  grams.  The  cleaning  compound  and  the  control  formula  stiall 
be  diluted  1  part  cleaner  with  9  parts  distilled  water.  After  placing  a  soiled  test  panel  In  the  template  at  45 
degrees  (see  figure  1),  the  cleaning  solution  shall  be  applied  to  the  sponge  then  applied  to  the  soiled  test 
panel  so  that  It  is  ccxnpletely  covered.  After  allowing  a  30  second  dwell  time,  the  test  panel  shall  be 
cleaned  using  5  cycles  of  the  wear  tester,  then  turned  90  degrees  and  cleaned  for  an  additional  5  cycles. 
The  panel  shall  then  be  rinsed  under  cold  running  tap  water  and  allowed  to  dry. 

4.6.23.7  Evaluation.  The  colorimeter  L  values  for  unsolled  panel  (Lv),  after  soiling  (Ls),  and  after  cleaning 
(Lc)  shall  be  used  In  determining  the  percent  cleaning  efficiency  as  follows: 


^Cleaning  Efficiency 


Lc  -  Ls 
Lv  -  Ls 


X  100 
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4.6.24  BlodearadablUty.  Biodegradation  will  be  determined  by  the  'Shake  Flask  Biodegradation  Tests"  lor 
measuring  ultimate  or  ready  degradation  potential,  as  found  In  ERA  Chemical  Fate  Test  Guidelines  40  CFR 
Method  796.3100  (Aerobic  Aquatic  Biodegradation  Test)  or  40  CFR  Method  796.3240  (OECD  Screening 
Test  for  Ready  Blodegradablllty).  Blodegradablllty  will  be  shown  as  carbon  transformation  by  both  soluble 
organic  carbon  reduction  and  CO^  evolution. 

4.6.25  d-Llmonene  content  fType  I  onM.  Test  for  d-limonene  content  of  the  concentrated  cleaning 
compound  shall  be  determined  by  the  following  procedure. 

4.6.25.1  Gas  chromatoaraohlc  column.  The  column  to  be  used  for  this  analysis  Is  the  6  foot  Poropak  P 
column,  or  equivalent,  connected  to  a  thermal  conductivity  detector. 


4.6.25.2 


Experimental  parameters  for  analysis  are  as  follows: 


Sample  size 
Carrier  gas 
Carrier  gas  flow  rate 
Initial  column  temperature 
Initial  isothermal  hold  time 
Gradient  heating  rate 
Final  temperature 
Final  Isothermal  hold  time 


1pl 
Helium 
20  ml/mln 
150“C  (302*F) 

10  min 

10'C/mln  (18'F/mln) 
230'C  (446'F) 

10  min 


4.6.25.3  Calibration  procedure.  Obtain  the  normalization  factors  for  d-limonene  by  observing  the  areas 
produced  by  a  specially  prepared  mixture,  designated  the  reference  standard.  Prepare  the  starxiard  with 
all  reagent  grade  components  of  known  assay.  The  composition  of  the  mixture  should  be  approximately 
10%  butyl  cellosolve  and  90%  d-llmonene.  Weigh  each  component  to  0.1  milligram.  Calculate  the  actual 
compt^ition  as  follows: 


%Com4 


x  %Pi 


Calcukite  the  normalization  factor  for  d-Gmonene  as  follows; 

%Comj^  X  Aj, 
=  - 

A^  X  %Comj, 


Where:  W^  =  Weight  of  d-limonene  hi  standard  (mg) 

%Pi  =  Purity  of  d-limonene  in  standard  (%) 

W  =  Total  weight  of  standard  (mg) 

%Com^  =  Weight  %  of  d-llmonene  In  standard  (%) 

%Comj,  ■  Weight  %  of  butyl  cellosolve  In  standard  (%) 
•  Aj^  =  Area  under  peak  for  d-llmonene 
Aj,  Area  under  peak  for  butyl  cellosolve 
K,  ■  Normalization  factor  for  d-llmonene 
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4.6.25.4  Test  procedure.  Weigh  out  9.00  ±  .01  g  of  the  concentrated  cleaning  compound  In  a  15-20  ml 
screw  top  vial.  Add  1.00  ±  .01  g  of  butyl  cellosolve  to  the  vial.  Screw  the  cap  onto  the  vial  tightly  and 
invert  several  times  to  mix.  Equilibrate  the  instrument  and  make  at  least  one  blank  run.  Insert  a  Ipl 
sample  of  the  cleaning  compound  spiked  with  10%  butyl  cellosolve  at  least  five  times.  Take  an  average 
of  the  area  counts  for  each  component. 


4.&25.5  Calculation. 


Where: 


^  Aj  X  K,  X 

"  "  A, 

%Cj^  =  Weight  %  of  d-limonene 
%C„  -  Weight  %  of  butyl  cellosolve 
A^  =  Average  of  areas  under  peak  for  d-limonene 
Aj,  «  Average  of  areas  under  peak  for  butyl  cellosolve 
-  Normalization  factor  for  d-limonene 


4.6.25.6  £ 
for  4.6.25. 


The  following  equipment  and  reagents  shall  apply  as  test  conditions 


a.  Equipment. 


(1)  Gas  chromatograph:  Incorporating  a  thermal  conductivity  detector. 

(2)  Column:  Poropak  P  6  foot  (80/100  mesh),  or  equivalent. 


b.  Reagents. 


(1)  Butyl  cellosolve  (2-butoxy  ethanol):  Baker  D648  or  equivalent. 

(2)  d-Umonene:  Fisher  Scientific  1980  or  equivalent 

4.7  Toxicity  and  waste  disposal  characteristics.  The  supplier  shall  furnish  the  toxicological  data  or 
formulations  required  (See  3.3)  to  evaluate  the  safety  of  the  materiai  proposed  for  use.  The  manufacturer 
wHI  provide  current  procedures  for  disposal  per  federal  EPA  regulations.  The  supplier  shall  also  furnish 
certification  of  the  percent  activity  and  percent  blodegradabllity  of  the  cleaner.  The  data  wrtll  be  forwarded 
to  San  Antonio  Air  Logistics  Center,  Attention  SFTT,  Kelly  AFB,  Texas  78241-6000. 

4.8  Filler  materials.  The  contractor  shall  furnish  certification  that  the  cleaning  compound  cohtalns  only 
the  materials  allowed  and  does  not  contain  any  filler  materials  disallowed  per  paragraph  3.2. 

4-9  Infrared  spectrograms  graph.  Infrared  spectrograms  of  the  nonvolatile  matter  shall  be  prepared  by 
the  Government  approved  qualification  laboratory  (See  3.4).  The  method  of  sample  preparation  of  the 
spectra  shall  be  provided  with  each  graph  to  the  qualifying  activity  by  the  qualification  laboratory. 
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6.  PACKAGING 

5.1  EacMnq.  Packing  shall  be  Level  A,  or  Industrial  for  required  net  fill,  as  specified. 

5.1.1  Level  A.  The  cleaning  compound  shall  be  furnished  in  208  liter  (55  gallon)  drums  conforming  to 
PPP-D-729,  Type  II  and  UN  1A1  or  in  18.9  liter  (5  gallon)  containers  conforming  to  PPP-P-704,  Type  1, 
Class  4  and  UN  1A1,  or  non-metalllc  DOT  34-5. 

5.1.2  Industrial-  The  cleaning  compound  shall  be  packed  in  accordance  with  ASTM  03951.  Containers 

shall  be  In  accordance  with  Uniform  Freight  Classification  rules  or  regulations  of  other  carriers  applicable 
to  the  mode  of  transportation. 

5-^  *3  Compatibility  of  mateiialg.  The  container,  closure,  lining,  or  sealing  compound  shall  not  Interact 
physically  or  chemically  with  the  contents  so  as  to  corrode,  be  altered,  or  to  alter  the  strength,  quality  or 
purity  of  the  contents. 

5.2  PallettzatlQn-  When  specified,  the  cleaning  compound,  shall  be  palletized  in  accordance  with  Load 
Type  ill  (strapped)  of  MIL-STD-147  except  that  for  overseas  shipment  the  overall  height  of  the  load  shall 
not  exceed  109.2  cm  (43  Inches.) 

5.3  Marking.  Containers  shall  be  marked  in  accordance  with  MIL-STD-129  and  49  CFR.  For  International 
shipments,  containers  shall  also  be  marked  In  accordance  with  ICAO,  lATA,  and  IMO  as  applicable  for 
mode  of  transportation.  The  shipment  marking  nomenclature  shall  be: 

CLEANING  COMPOUND,  AEROSPACE  EQUIPMENT,  TYPE  -  (I  OR  II) 

DIP  TANK  IMMERSION  METHOD: 

Dilute  the  concentrate  with  a  minimum  of  two  parts  water  unless  otherwise  specified  In 
Technical  Order  (TO).  Normal  dilution  ratios  are  1:4  for  heavy  soils,  1:10  for  light  soils. 

EXTERIOR  CLEANING  METHOD: 

AIrcrsfl  find  AGE:  Dilute  the  concentrate  1:10  to  1:20  with  water  depending  on  the  amount 
of  soli  to  be  removed.  Dilute  the  concentrate  with  4  to  10  parts  water  depending  on  the 
amount  of  soil  to  be  removed  for  spot  cleaning.  Not  recommended  for  cleaning  canopies. 

JSnqInBs:  Dilute  the  concentrate  with  3  to  10  parts  water  depending  on  the  amount  of  soil 
to  be  removed.  Not  recommended  as  a  spot  cleaner  for  engines. 

Stpragg  temperature-  The  markings  on  the  container  shall  include  a  caution  ^tement  stating  the 
temperature  range  within  which  the  product  can  be  stored  without  compromising  the  performance  of  the 
product. 

5-4  Material  safety  data  sheet.  Contractor  shall  comply  with  the  requirements  of  the  latest  revision  of 
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5>5  Hazardous  material  warning  labels.  A  hazardous  warning  label  shall  be  developed  In  accordance  with 
the  requirements  of  the  OSHA  Hazardous  Communication  Standard  (29  CFR  1910.1200)  and  MIL-STD-129. 

6.  NOTES 

6.1  Intended  uae-  The  two  types  of  cleaning  compound  covered  by  this  specification  are  Intended  to  be 
used  for  cleaning  Aerospace  Equipment  including  aircraft,  engines  and  aerospace  ground  equipment 
(AQE).  The  cleaners  shall  be  used  in  place  of  other  cleaners  when  approved  by  the  System  Program 
Manager  of  the  equipment  being  cleaned.  Type  I  should  be  used  only  on  polyurethane  and  enamel 
coatings  as  it  may  attack  acrylic  nitrocellulose  lacquer  coatings.  Type  I  material  is  Intended  for  light  to 
heavy  duty  removal  of  greases,  oils,  hydraulic  fluid,  and  carbon.  Type  II  is  Intended  for  medium  to  light 
cleaning  and  is  not  intended  to  remove  heavy  soils. 

€•2  Material  safety  data  sheets.  Contracting  officers  will  identify  those  activities  requiring  copies  of 
completed  Material  Safety  Data  Sheets  prepared  In  accordance  with  FED-STD-313.  The  pertinent 
Government  mailing  addresses  for  submission  of  data  are  listed  in  FED-STD-313. 

6.3  Ordering  data.  Procurement  documents  should  specify  the  following; 

a.  Title,  number  and  date  of  this  specification. 

b.  Type  I  or  Type  II. 

c.  Size  containers  required. 

d.  QPL  reference  or  test  number, 

e.  Level  of  packing  required. 

f.  Palletization,  when  applicable. 

6.4  Qualification-  vvith  respect  to  products  requiring  qualification,  awards  will  be  made  only  for  products 
which  are  at  the  time  set  for  opening  of  bids,  qualified  for  Inclusion  In  the  applicable  Qualified  Products 
List  vdiether  or  nof  such  products  have  actually  been  so  listed  by  that  date.  The  attention  of  the 
contractors  Is  called  to  this  requirement,  and  contractors  are  urged  to  arrange  to  have  their  products  that 
they  propose  to  offer  to  the  Federal  Government  tested  for  qualification  in  order  that  they  may  be  eligible 
to  be  awarded  contracts  or  orders  for  the  products  covered  by  this  specification.  The  activity  responsible 
for  the  Qualified  Products  List  is  San  Antonio  Air  Logistics  Center.  Attention  SFTT,  Kelly  AFB  Texas 
78241-6000;  and  information  pertaining  to  qualification  of  products  may  be  obtained  from  that  activity  (See 
4.3.1). 


CUSTODIANS: 
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Air  Force  -  68 
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MIUTARY  SPECIFICATION 

CLEANING  COMPOUND.  AEROSPACE  EQUIPMENT 

This  specification  is  approved  for  use  by  all 
Departments  and  Agencies  of  the  Department  of  Defense 


f.  SCOPE 

iifeSSia^rSnnSt^)^".  requirements  for  biodegradable,  water  dilutable,  environmentally 

(AGE^  and  AGE^ngS  aerospace  equipment  to  include  aircraft,  aerospace  ground  equipment 

1.2  Siassificgticn.  The  cleaning  compounds  covered  by  this  specification  shall  be  of  the  following  types. 

Type  I  -  Terpene  Based.  Solvent  Emulsion,  Water  Dilutable  Cleaning  Compound 
Type  II  -  Water  Dilutable  Cleaning  Compound 
Type  ill  -  Gel-Type  Cleaning  Compound 
Type  IV  -  Heavy  Duty.  Water  Dilutable  Cleaning  Compound 
2.  APPUCABLE  DOCUMENTS 

2.1  Government  documants 

2.1.1  §p^lficatigi^<^'  ^t^ndards.  and  handbPOkfj.  The  following  specifications,  standards  and  handbooks  form 
a^rt  of  thrs  specification  to  the  efctent  specified  herein.  Unlei  ihenMse  sp^mS.  tS  bsues  JSSe 

Standards  (DODISS)  and  supplement  thereto,  noted  In  the  solicitation. 

SPECIFICATIONS 

Federal 

P  DMO  Dodecahydrate.  &  Monohydrate,  Technical 

P-D-680  Dry  Oeaning  and  Degreasing  Solvent 

QQ-A-250/4  Aluminum  Alloy  2024.  Plate  and  Sheet 

QQ-A-250/5  Aluminum  Alloy  Alclad  2024,  Plate  and  Sheet 

QQ-A-250/12  Aluminum  Alloy  7075,  Plate  and  Sheet 


Beneficial  comments  (recommendations,  additions,  deletions)  and  any  pertinent  data  which  mav  be  of  ..se 

IfelN  AFb'tdc  782iTra3 ^  addressed  to:  Code  (68)  SA-ALC/SFSP.  1014  Andrews  RdSTE  1, 
iteHy  AFB  •^  78241-5603.  by  using  the  self-addressed  Standardization  Document  Improvement  Pronosal 
(DD  Form  1426)  appearing  at  the  end  of  this  document  or  by  letter.  'mproverneni  Proposal 


AMSC  N/A 

DISJRlgUTIQN  STATEMENT  A.  Approved  for  public  release;  distribution  is  unlimited. 


FSC  6850 


QO-P-416 

QQ-S-365 

TT-E-529 

TT-E-781 

TT-l-735 

TT-L-32 

TT-P-1757 

PPP-D-729 

PPP-P-704 


Military 

MIL-L-2104 

MIL-P-5425 

MIL-M-3171 

MIL-S-7952 

MIL-P-7962 

MIL-C-8514 

MIL-A-8625 

MIL-S-8802 

MIL-T-9046 

MIL-G-21164 

MIL-C-22750 

MIL-P-23236 

MIL-P-23377 

MIL-P-25690 

MIL‘W-81381 

MiL-S-8t733 

MIL-C-83286 

MIL-P-83310 

MIL-C-83957 

MIL-C-85285 


Plating.  Cadmium  (Electrodeposited) 

Silver  Plating,  Electrodeposited:  General  Requirements  for 
Enamel.  Alkyd,  Semi-gloss,  Low  VOC  Content 
Ethylene  Glycol  Monoethyl  Ether,  Technical 
Isopropyl  Alcohol 

Lacquer,  Cellulose  Nitrate.  Gloss.  For  Aircraft  Use 
Primer  Coating.  Zinc  Chromate,  Low  Moisture  Sensitivity 
Drums.  Shipping  and  Storage.  Steel,  55  Gallon  (208  Liters) 
Pails.  Metal:  (Shipping.  Steel,  1  through  12  gallons) 


Lubricating  Oil,  Internal  Combustion  Engine,  Tactical  Service 
Plastic,  Sheet.  Acrylic,  Heat  Resistant 

Magnesium  Alloy.  Processes  for  Pretreatment  and  Prevention  of  Corrosion  on 
Steel,  Sheet  and  Strip,  Uncoated,  Carbon  (1020  and  1025)  (Aircraft  Quality) (ASG) 

Primer  Coating,  Cellulose-Nitrate  Modified  Alkyl  Type,  Corrosion  Inhibiting,  Fast-Drying  (For 
Spray  Application  Over  Prelreatment  Coating) 

Coating  Compound,  Metal  Pretreatment,  Resin-Acid  (ASG) 

Anodic  Coatings,  For  Aluminum  and  Aluminum  Alloys 

Sealing  Compound.  Temperature  Resistant,  Integral  Fuel  Tanks  and  Fuel  Cell  Cavities,  High 
Adhesion 

Titanium  and  Titanium  Alloy.  Sheet,  Strip  and  Plate 

Grease,  Molybdenum  Disulfide,  For  Low  and  High  Temperatures 

Coaling.  Epoxy  Polyamide 

Paint  Coating  System.  Fuel  Salt  Water  Ballast  Tanks 

Primer  Coating,  Epoxy  Polyamide,  Chemical  and  Solvent  Resistant 

Plastic,  Sheets  And  Parts,  Modified  Acrylic  Base,  Monolithic,  Crack  Propagation  Resistant 

Wire,  Electric,  Polyimide-lnsulated,  Copper  or  Copper  Alloy 

Sealing  and  Coating  Compound,  Corrosion  Inhibitive 

Coating  Urethane,  Aliphatic  Isocyanate,  for  Aerospace  Application 

Plastic  Sheet,  Polycarbonate,  Transparent 

Cleaning  and  Polishing  Pad,  Non-metatlic  (For  Aircraft) 

Coating:  Polyurethane,  High  Solids 


STANDARDS 

Federal 

EPA-600-4-90-027  Methods  for  Measuring  the  Acute  Toxicity  of  Effluents  and  Receiving  Waters  to 
Freshwater  and  Marine  Organisms 

FED-STD-141  Paint.  Varnish.  Lacquer  and  Related  Materials  Methods  of  Inspection,  Sampling  and  Testing 
FED-STD-313  Material  Safely  Data  Sheets.  Preparation  and  the  Submission  of 
FED-STD-595  Colors 


MIL-STD-109  Quality  Assurance  Terms  and  Definitions 
MIL-STD-129  Marking  For  Shipment  And  Storage 
MIL-STD-147  Palletized  Unit  Loads 
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(Copies  of  specifications,  standards,  handbooks,  drayvings,  and  publications  required  by  contractors  in  > 
connection  with  specific  procurement  functions  should  be  obtained  from  the  Standardization  Documents  Order 
Desk,  Building  4D,  700  Robbins  Avenue,  Philadelphia,  PA  19111-5094) 


2.1.2  Other  Government  documents,  drawings,  and  publications.  The  foHowing  other  Government  documents 
form  a  part  of  this  specification  to  the  extent  specified  herein.  Unless  otherwise  specified,  the  issue  shall  be 
tfiat  in  effect  on  ifie  date  of  the  solicitation. 

CODE  OF  FEDERAL  REGULATIONS 

29  CFR  -  Labor 

40  CFR  -  Protection  of  Environment 

49  CFR  -  Transportation 

(Application  for  copies  should  be  addressed  to  Superintendent  of  Documents,  U.S.  Government  Printing  Office, 
Washington,  D.C.  20402.) 


2.2  Other  publications.  The  following  non-government  documents  form  a  part  of  this  specification  to  the 
extent  specified  herein.  Unless  othenrvise  specified,  the  issues  of  the  documents  which  are  DOD  adopted  shall 
be  those  listed  in  the  issue  of  the  DODISS  specified  in  the  solicitatioa  Unless  othenwise  specified,  the  issues 
of  documents  not  listed  in  the  DODISS  shall  be  the  Issue  of  the  non-government  documents  which  Is  current 
on  the.  date  of  the  solicitation. 


AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS 
ASTM  Standards 


A  153 

D56 

D92 

D93 

D460 

D  1193 

D2240 

0  3951 

E70 

F483 

F484 

F485 

F502 

F519 

F  1104 

F  1110 
F  1111 


Specification  for  Zinc  Coating  (Hot  Dip)  on  Iron  and  Steel  Hardware 

Test  Method  for  Flash  Point  by  Tag  Closed  Tester 

Test  Method  for  Flash  and  Fire  Points  by  Cleveland  Open  Cup 

Standard  Test  Methods  for  Flash  Point  by  Pensky-Closed  Tester 

Method  for  Sampling  and  Chemical  Analysis  of  Soaps  and  Soap  Products 

Specification  for  Reagent  Water 

Test  Method  for  Rubber  Properly  -  Durometer  Hardness 

Practice  for  Commercial  Packaging 

Test  Method  for  pH  of  Aqueous  Solutions  with  the  Glass  Electrode 

Method  For  Total  Immersion  Corrosion  Test  for  Aircraft  Maintenance  Chemicals 

Test  Method  for  Stress  Crazing  of  Acrylic  Plastics  in  Contact  with  Liquid  or  Semi-Liquid 

Compounds 

Test  Method  for  Effects  of  Cleaners  on  Unpainted  Aircraft  Surfaces 

Test  Method  for  Effects  of  Cleaning  and  Chemical  Maintenance  Materials  on  Painted  Aircraft 

Surfaces 

Method  for  Mechanical  Hydrogen  Embrittlement  Testing  of  Plating  Processes  and  Aircraft 
Maintenance  Chemicals 

Test  Method  for  Preparing  Aircraft  Cleaning  Compounds,  Liquid  Type,  Water  Base,  for  Storage 
Stability  Testing 

Test  Method  for  Sandwich  Corrosion  Test 

Test  Method  for  Corrosion  of  Low  Embrittling  Cadmium  Plate  by  Aircraft  Maintenance 
Chemicals 
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(Applicatioii  for  copies  should  be  addressed  to  the  American  Society  for  Testing  and  Materials.  1916  Race 
Stieet.  Philadelphia  PA  19103.) 


SOCIETY  OF  AUTOMOTIVE  ENGINEERS 
SAE  Standards 

AMS  3204  Synthetic  Rubber,  Low-Temperature  Resistant  25-35 

AMS  3209  Chloroprene  Rubber,  Weather  Resistant,  65-75 

AMS  4375  Magnesium  Alloy,  Sheet  &  Plate,  3.01A-1.0ZN  (AZ31B-0) 

AMS  4376  Magnesium  Alloy  Plate,  3.O1A-1.0ZN  (AZ31B-H26) 

AMS  4377  Magnesium  Alloy,  Sheet  &  Plate.  3.01A-1.0ZN  (AZ31B-H24) 

(Application  for  copies  should  be  addressed  to  the  Society  of  Automotive  Engineers,  Inc.,  400  Commonwealth 
Drive,  Warrendale  PA  15096.) 


UNIFORM  FREIGHT  CLASSIFICATION  RULES  (Current  Issue) 

(Application  for  copies  should  be  addressed  to  the  Uniform  Classification  Committee,  Room  1106,  222  South 
Riverside  Plaza,  Chicago,  IL  60606.) 

ALUMINUM  ASSOCIATION  INCORPORATED 
AA  Standards 

2090-T-83  Aluminum-Lithium  Alloy 

(Application  for  copies  should  be  addressed  to  The  Aluminum  Association  Inc,  900  19th  St  MW,  Washington 
O.C.  20006.) 

AMERIf^N  IRON  AND  STEEL  INSTITUTE 
AISI  Standards 

AISI  4340  High  Strength,  Low  Alloy  Steel 

(Application  for  copies  should  be  addressed  to  American  Iron  and  Steel  Institute,  1133  15th  St  N.W.  Suite  300, 
Washington  DC  20005.) 

iNTERNATIONAL  CIVIL  AIR  ORGANIZATION  (ICAO) 

Technical  Instructions  for  the  Safe  Transport  of  Dangerous  Goods  by  Air 

(Application  for  copies  should  be  addressed  to  International  Civil  Aviation  Organization,  Place  de  TAviation 
Internationale,  1000  Sherbrooke  St.,  W,  Montreal,  Quebec,  Canada  H3A  2R2.) 
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INTERNATIONAL  AIR  TRANSPORT  ASSOCIATION  (lATA) 

Dangerous  Goods  Regulations 

(Application  for  copies  should  be  addressed  to  the  International  Air  Transport  Association  2000  Peel  St 
Montreal.  Quebec.  Canada  H3A  2R4.) 

INTERNATIONAL  MARITIME  ORGANIZATION  (IMO) 

J 

Intematbnal  Maritime  Dangerous  Goods  Code 

(Application  for  copies  should  be  addressed  to  the  International  Maritime  Organization.  4  Albert  Embankment 
London  SEI  7SR  United  Kingdom.) 

(Industry  association  specifications  and  standards  are  generally  available  for  reference  from  libraries  They  are 
also  distributed  among  technical  groups  and  using  Federal  agencies.) 


2.3  Order  of  precedgnpp-  in  the  event  of  a  conffict  between  the  text  of  this  specification  and  a  reference  cited 
herein,  the  text  of  this  specification  shall  take  precedence. 


3.  REQUIREMENTS 


3.1  Quafificatfon. 


3.t.1  QuaUficalign  (initial).  The  cleaning  compound  furnished  under  this  specification  shall  be  a  product  which 
has  been  tested  and  has  passed  the  quanfication  tests  specified  herein  and  has  been  listed  or  approved  for 
listing  on  the  applicable  Qualified  Products  List  (QPL). 


The  cleaning  compound  furnished  under  this  specification  must  be  retested  or 
i^ertified  by  the  qualifying  activity  at  least  every  three  years  for  the  product  to  remain  listed  on  the  QPL 
Qualification  retesting  shall  be  accomplished  on  any  qualified  cleaning  compound  for  which  a  using  activity 
i^es  a  valid  deficiency  report.  The  cleaning  compound  shall  also  be  subject  to  qualification  retesting  for  any 
ctange  in  chemical  formulation,  material,  process,  or  procedure  in  manufacturing  the  cleaning  compound  Anv 
cleanmg  compound  which  does  not  conform  to  all  the  qualification  tests  specified  herein  on  oeriodic 
requalification  testing  shall  be  removed  from  the  QPL  ^ 


3.2  fe^atgriplg.  The  composition  and  formulation  of  the  cleaning  compound  shall  be  optional  with  the 
manufacturer  within  the  restrictions  specified  herein. 


3.2.1  Acceptable  materials 


3.2.1.1  Iiaifil  Type  I  shall  contain  terpene  hydrocarbons  as  specified  in  Table  I.  Certification  from  the 
manufatturer  is  required  on  the  percentage  of  total  teipenes  contained  in  the  cleaning  compound  The 
terpene  hydrocarbons  used  shall  be  of  a  high  grade  with  no  extraneous  materials. 
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3.2.1.2  Type  II.  Tvdp  III  and  Tvdr  IV.  Type  II.  Type  III,  and  Type  IV  compounds  shall  consist  of  one  or  more 
of  the  following:  Surfactants,  adjuvant  solubilizers  for  organic  soils  such  as  greases  and  oils,  alkaline  builders, 
water  corxJitioning  agents  and/or  corrosion  inhibitors. 


3.2.2  Unancentable  materials.  The  cleaning  compound  shall  not  contain  any  hazardous  compounds  as 
defined  in  40  CFR  261  (see  para  4.7)  nor  shall  it  contain  any  chemical  listed  by  the  current  report  of  known 
carcinogens  of  the  National  Toxicology  Program  (NTP).  The  cleaning  compound  shall  not  contain  detectable 
amounts  of  any  of  the  following:  abrasives,  chromates,  cadmium,  lead,  mercury,  phenols,  cresols.  ketones, 
chlorinated  compounds  or  ozone  depleting  chemicals  (ODC),  except  where  specified  within  this  specification. 
The  following  materials  are  unacceptable  unless  they  are  being  used  as  an  essential  active  ingredient  in  the 
cleaner:  sodium  chloride,  urea,  sodium  sulfate,  nitrites,  nitrates,  sucrose  or  any  sugars. 


3.3  Toxicity.  The  cleaning  compound  shall  have  no  adverse  effect  on  the  health  of  personnel  or  the 
environment  when  used  for  its  Intended  purpose  and  with  proper  personal  protective  equipment  (when 
required).  The  product  shall  be  evaluated  for  aquatic  toxicity  with  a  96  hour  Fathead  minnow  (pimephales 
promelas)  bioassay  and  a  48  hour  Ceriodaphnia  dubia  bioassay  in  accordance  with  Methods  for  Measuring  the 
Acute  Toxicity  of  Effluents  and  Receiving  Waters  to  Freshwater  and  Marine  Organisms.  EPA/600/4-90/027. 

The  percent  survival  at  1,  10,  50,  and  100  ppm  must  be  reported  for  both  organisms. 


3.3.1  Formulation.  The  manufacturer  must  submit  to  the  qualifying  activity,  SA-ALC/SFTT,  1014  Andrews  Rd 
STE  1,  Kelly  AFB  TX  78241-5603,  a  complete  formulation  including  the  chemical  name,  CAS  number,  and 
weight  percent  of  each  Ingredient.  Trade  names  alone  are  not  satisfactory.  All  proprietary  information  shall  be 


protected  as  such. 


3.3.1. 1  Type  I .  The  manufacturer  shall  submit  to  the  qualifying  activity  the  chemical  name  of  each  terpene 
used  in  the  formulation  imluding  Its  CAS  number  and  range  of  values  in  percent  by  weight  of  the  formulation. 
The  manufacturer  shall  also  submit  test  procedures  used  to  verify  the  terpene  percentages  within  these  ranges. 
Ail  procedures  shall  be  subject  to  approval  by  the  qualifying  activity. 


3.3.2  Material  safety  rfata  sheet.  The  manufacturer  shall  submit  to  the  qualifying  activity,  and  to  the  procuring 
activity  a  material  safety  data  sheet  (MSDS)  for  the  finished  product  and  for  each  component  in  the  finished 
product.  The  MSOS  shall  be  prepared  in  accordance  with  the  latest  revision  of  FED-STD-313. 


3.3.3  Toxicological  data.  The  manufacturer  shall  submit  to  the  qualifying  activity  a  copy  of  pertinent 
toxicological  data/information  (see  para  4.7)  for  their  product. 


3.3.4  Biodeoradabilitv.  The  supplier  of  the  cleaning  compound  shall  furnish  certification  from  the  surfactant 
manufacturers  that  the  surfactants  are  readily  biodegradable  in  accordance  with  40  CFR,  Part  796,  Subpart  D. 
BiodegradabBity  testing  shall  be  accomplished  as  specified  in  paragraph  4.6.22  on  the  finished  product. 
Biodegradability  on  the  finished  product  shall  be  determined  over  28  days  by  the  Shake  Flask  Method 
monitored  by  analysis  of  Total  Organic  Carbon  (TOC).  The  Type  I  compound  shall  meet  the  requirement  of  a 
minimum  of  75%  biodegradable  and  the  Type  II,  Type  III,  and  Type  IV  compound  shall  meet  the  requirement  of 
a  minimum  of  85%  biodegradable  at  the  end  of  the  28  day  period. 
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®  Comppgitiorigi  assurgncg.  The  cleaning  compound  shall  be  tested  for  nonvolatile  matter  as  specified  in 
paragraph  4.6.1.  The  concentrated  cleaning  compound  and  a  10%  solution  of  the  cleaning  compound  in 
distilled  water  shall  be  tested  for  pH  as  specified  in  paragraph  4.6.3.  Results  of  these  tests  as  well  as  an 
infrared  spectrogram  of  the  nonvolatile  matter  (See  4.9.2)  and  a  gas  chromatogram  (See  4.9.1  for  Type  I  only) 
shall  be  recorded  by  the  qualifying  activity  for  use  In  quality  conformance  inspections  (see  4.4).  Quality 
conformance  inspection  results  for  nonvolatile  matter  shall  not  differ  by  more  than  2  percent  absolute  from  the 
recorded  value.  Quality  conformance  inspection  results  for  pH  shall  not  differ  by  more  than  1  pH  unit  from  the 
recorded  value.  Quality  conformance  inspection  infrared  spectrograms  and  gas  chromatograms  shall  show  no 
significant  difference  when  compared  to  the  original  qualifying  spectrogram. 


3.5  Chemical  properties 


1  Chemical  requirements.  The  cleaning  compound  shall  meet  the  requirements  listed  in  Table  I. 


3-5.2  BfiS'Clue  rlnslbillty.  When  a  freshly  prepared  solution  of  the  cleaning  compound  is  tested  in  accordance 
with  4.6.4.  it  shall  not  leave  any  residue  or  stains.  A  freshly  prepared  solution  is  defined  as  one  being  prepared 
no  longer  than  30  minutes  prior  to  testing.  Weight  change  shall  be  no  greater  than  that  obtained  with  standard 
hard  water  tested  uider  the  same  conditions. 


3.6  EbYSical  properties  fTyoes  I.  II.  Ill,  and  IV  unless  otherwise  notadt 


•  3-6.1  hlfiat.stabilitv  (Types  II.  Ill,  and  IV  only).  The  concentrated  cleaning  compound,  when  tested  in 

accordance  with  4.6.5,  shall  show  no  marked  color  change  or  precipitation  and  shall  not  corrode  or  stain  the 
MIL-S-7p52  (1020)  steel  strip  (a  slight  darkening  of  the  steel  strip  shall  not  be  objectionable).  Layering  or 
separation  will  constitute  failure  if  it  does  not  return  to  its  original  homogeneous  stale  upon  cooling. 


3.6.2  ggid  stability-  The  concentrated  cleaning  compound  shall  return  to  its  original  homogeneous  condition 
when  tested  in  accordance  with  4.6.6. 


3.6.3  Rheology  (Type  IH  onlyl 


3-6-3.1  .Consistency  .  When  tested  as  speciiied  in  4.6.24,  the  concentrated  cleaning  compound  shall  flow 
between  10  and  20  centimeters  in  to  seconds.  The  product  shall  also  exhibit  rheology  which  enables  it  to 
meet  the  sprayability  requirement. 


3.6.3.2  Sp»~aYa<?ility-  The  concentrated  cleaning  compound,  when  dispensed  at  45  psig  and  tested  in 
accordance  with  4.6.25.  shall  give  satisfactory  spray  characteristics  and  deposit  a  uniform  layer  on  a  vertical 
surface  3  feet  away  from  the  nozzle.  (See  4.6.25). 
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TABLE  I. 


Quantitative  Requirements 


REQUIREMENT 

TYPE  1 

TYPE  II 

TYPE  III 

TYPE  IV 

TEST 

METHOD 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

Insoluble  Matter  (WT%) 

— 

0,05 

— 

0.05 

— 

0.05 

... 

0.05 

Flash  Point  (°F) 

Hi 

10%  Solution 

200 

... 

— 

— 

— 

— 

■IS 

Concentrated  Solution 

120 

— 

None  1/ 

— 

None  1/ 

— 

None  1/ 

— 

Emulsion  Characteristics 
(ml  free  water) 

5  min 

... 

5.0 

— 

5.0 

5.0 

— 

5.0 

4.6.8 

8  hours 

13.0 

... 

— 

... 

— 

— 

— 

4.6.8 

24  hours 

— 

— 

13,0 

8.0 

— 

11.0 

— 

4.6.8 

%  Cleaning  Efficiency 

95 

— 

40 

— 

65 

— 

90 

4.6.21 

Terpene  Hydrocarbons 

(%  WT) 

25 

40 

— 

— 

— 

— 

— 

— 

4.6.23 

1/  No  flash  point  should  be  observed  up  to  the  boiling  point  of  the  compound 


3.7  Effect  on  metals  (Types  I.  II.  Ill,  and  IV  unless  otherwise  notedV 


3.7.1  Hydrogen  embrittlement.  When  tested  In  accordance  with  4.6.9.  the  concentrated  cleaner  (Types  I.  II.  Ill, 
and  IV)  and  a  10%  solution  of  the  cleaner  (Types  I.  II  and  IV  only)  in  distilled  water  shall  not  cause  hydrogen 
embrittlement  of  cadmium  plated  AISI  4340  steel. 


3.7.2  Total  immersion  corrosion.  When  tested  In  accordance  with  4.6.10  (ASTM  F  483).  the  concentrated 
cleaning  compound  (all  types)  and  a  10%  solution  of  the  cleaning  compound  (Types  1, 11,  and  IV  only)  in 
distilled  water  shall  not  show  any  indication  of  staining,  etching,  pitting,  or  localized  attack  on  any  of  the 
panels,  or  cause  a  weight  change  of  an  average  of  three  (3)  test  panels  greater  than  that  shown  in  Table  II.  A 
slight  discoloration  of  the  panels  shall  not  be  objectionable.  The  cleaning  compound  shall  not  layer  or 
separate  for  the  duration  of  the  test 


3-7.3  Low-embrittling  cadmium  Plate  corrosion.  Steel  panels  coated  with  low-embrittling  cadmium  plate 
immersed  In  the  concentrated  cleaning  compound  (all  types)  and  a  10%  solution  of  the  cleaning  compound 
(Types  I,  II  and  IV  only)  in  distilled  water  shall  not  show  a  weight  change  greater  than  0.14  mg/cm^  for  24 
hours  when  tested  in  accordance  with  4.6.1 1 . 
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^  Etfects  on  untainted  mgtal  surfaces-  The  concentrated  cleaning  compound  (Type  III  only)  and  a  10% 
solut  on  (Types  I.  II.  and  IV  only)  of  the  cleaning  compound  In  distilled  water  shall  not  cause  streaking,  stains 
or  other  deposits  that  cannot  be  easily  removed  with  water  when  tested  In  accordance  with  4.6.12. 


^  ^.QClwich  corrosipn.  When  tested  in  accordance  with  4.6.16.  the  concentrated  cleaner 
10%  solution  (Types  I.  II.  and  IV  only)  shall  not  cause  a  corrosion  rating  greater  than  two  (2) 


(all  types)  and  a 
on  any  test  panel. 


Efigct  pn  painted  surfaces.  The  concentrated  cleaning  compound  (Type  III  only)  and  a  25%  solution 
(Types  I.  II,  and  IV  only)  of  the  cleaning  compound  in  distilled  water  shall  not  cause  streaking,  blistering, 
discoloration  or  a  permanent  decrease  In  film  hardness  of  more  than  one  (l)  pencil  hardness  level  wheri  tested 
«i  accordance  with  4.6.13.  The  Type  I  material  shall  be  tested  using  only  the  (F)  Enamel  Semigloss  and  (P) 
Polyurethane  Paint  Systems.  '  ' 


J.®  Of  ■MI1.-P-5425  gnd  MIL.P-2569Q  fType  A  and  Cl  acrylic  ninstir..  The  concentrated  product 

(Type  III  only)  and  a  10%  solution  (Types  I.  II,  and  IV)  in  distilled  water  shall  not  cause  stress  crazing  or 
staining  of  acrylic  plastics  when  tested  in  accordance  with  4.6.14. 


crazing  of  ppjycarbopate  plastic.  The  concentrated  product  (Type  III  only)  and  a  10%  solution 
(Types  I,  II,  and  IV)  In  distilled  water  shall  not  cause  stress  crazing  or  staining  of  polycarbonate  plastic 
conforming  to  MIL-P-83310  when  tested  in  accordance  with  4.6.15. 


storage  stability.  After  being  stored  for  a  period  of  12  months,  in  accordance  with  4.6.17  the 
cleaning  impound  shall  not  have  corroded  the  shipping  container  and  shall  meet  the  requirements  of 
paragraphs  3.5.1,  3.7.1,  3.7.2,  3.15,  and  3.16  of  this  specification. 


P®"®'®  to  MlL-S-7952.  Grade  1020,  Hot  Dip  Gaivanized 

^  concentrated  product  (Type  ill  only)  and  a  10%  solution  of  the  cleaning 
compound  (Tyf^  I,  II  and  IV)  in  distilled  water  shall  not  show  a  weight  change  of  an  average  of  three  (3)  test 
panels  greater  than  0.14  mg/cnP  for  24  hrs  when  tested  in  accordance  with  4.6.18. 


3^  afpljcmanship.  Tl^  deaning  compound  shall  be  a  liquid  having  a  uniform  and  homogenous  appearance 
“'"P^nnd  shall  be  manufactured  from  materials  entirely  suitable  for  the  purpose  intend^  and 
^direct^*^^**^'^ ^  P'’o«lcce  a  product  harmless  to  metal  surfaces  and  humans  when  used 


rrlLflv!^  ^  7.?  concentrated  cleaning  compound  (Type  III  only)  and  a  25%  solution 

°  ‘^®  compound  In  distilled  water  shall  not  change  the  durometer 

hardness  of  the  poiysulfide  sealant  by  more  than  5  units  when  tested  in  accordance  with  4.6.19. 


H  concentrated  cleaning  compound  (Type  III  only)  and  a  25%  solution  (Types  I, 

H,  and  l\/w\y)  of  the  cleaning  compound  in  distilled  water  shall  not  change  the  durometer  hardness  more  tlu^n 
5  units  when  tested  in  accordance  with  4.6.20. 
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3.16  EHect  on  polvimide  insulated  wire.  The  cleaning  compound,  when  tested  according  to  4.6.26.  shall  not 
cause  dissolution,  cracking,  or  dielectric  breakdown  (leakage)  of  the  polyimide  Insulated  wire  in  excess  of  that 
produced  by  distilled  water. 


TABLE  II.  Total  Immersion  Corrosion  Requirements 


Alloy 

Average  of  3  Panels 

Weight  Loss,  Max 
(mg/cmV168  hrs) 

Magnesium  (AZ  31B-H24) 

AMS  4377  surface  treated 
in  accordance  with 

Type  III  of  MIL-M-3171 

0.70 

Aluminum,  QQ-A-250/4, 

T3  surface  treated  in 
accordance  with  Type  1, 

Class  1  of  MIL-A-8625 

0.49 

Aluminum,  QQ-A-250/4, 

Bare  T3  Alloy 

0.49 

Aluminum,  QQ-A-250/12. 

Bare  T6  Alloy 

0.49 

Titanium,  MIL-T-9046, 

6AL-4V  Class  III, 

Composition  C 

0.35 

Steel,  MIL-S-7952, 

Grade  1020 

1.40 

Aluminum-Lithium, 

AA  2090-T-83 

0,21 

Steel,  410  SS,  Silver  Plated 
QQ-S-365,  Type  11,  Grade  B. 

0.14 

4.  QUALITY  ASSURANCE  PROVISIONS 


4.1  Responsibility  for  Inspection.  Unless  otherwise  specified  in  the  contract,  the  contractor  is  responsible  for 
the  performance  of  all  Inspection  requirements  as  specified  herein.  Except  as  othenwise  specified  in  the 
contract,  the  contractor  may  use  his  own  or  any  other  facilities  suitable  for  the  performance  of  the  inspection 
requirements  specified  herein,  unless  disapproved  by  the  Government.  The  Government  reserves  the  right  to 
perform  any  of  the  inspections  set  forth  in  the  specification  when  such  inspections  are  deemed  necessary  to 
assure  supplies  and  services  conform  to  prescribed  requirements. 
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Besponsibilitv  for  compliance.  All  items  shall  meet  all  requirements  of  sections  3  and  5.  The  inspection 
set  forth  In  this  specification  shall  become  a  part  of  the  contractor's  overall  inspection  system  or  quality 
program.  The  absence  of  any  inspection  requirements  In  the  specification  shall  not  relieve  the  contractor  of 
ifte  responsibility  of  ensuring  that  all  products  or  supplies  submitted  to  the  Government  for  acceptance  comply 
with  all  requirements  of  the  contract.  Sampiing  inspection,  as  part  of  manufacturing  operations,  is  an 
acceptabie  practice  to  ascertain  conformance  to  requirements,  however,  this  does  not  authorize  submission  of 
known  defective  material,  either  indicated  or  actual,  nor  does  It  commit  the  Government  to  accept  defective 
material 


4-2  Qassification  of  tests.  The  inspection  and  testing  of  the  cleaning  compound  shall  be  as  follows.  The 
inspection  terms  used  herein  are  as  defined  in  MIL-STD-109. 

a.  Qualification  inspection  (4.3). 

b.  Quality  conformance  inspection  (4.4). 


4-3  Qualificgtipn  inspection.  Qualification  inspection  shall  consist  of  all  inspections  and  tests  specified  herein. 

^•3-l  Qualification  samples.  The  initial  qualification  samples  shall  consist  of  8  liters  (2  gallons)  of  the  cleaning 
compound.  The  cleaning  compound  shall  be  furnished  in  containers  of  the  type  to  be  used  In  filling  contract 
orders.  Samples  shall  be  identified  as  follows  and  forwarded  to  the  activity  responsible  for  testing,  as 
designated  In  the  letter  of  authorization  from  the  activity  responsible  for  qualification  (See  6.4): 

•  Samples  for  Qualification  Tests. 

-  Cleaning  Compound,  Aerospace  Equipment,  (Types  I,  il.  III,  and  IV). 

-  MIL-C-87937B. 

-  (Manufacturers  Product  and  Code  Number) 

-  (Name  and  Address  of  Contractor) 

-  Submitted  by  (Name),  (Date)  for  Qualification  Testing  in  Accordance  with  the  Requirements  of 

MIL-C-87937B  Under  Authorization  (Reference  Authority  Letter). 

-  (Mixing  and  Other  Important  Instructions.) 

-  (Safety  Information  and  Precautions.) 


4.3.2  Ig,§t  repgrts.  In  addition  to  the  qualification  test  samples,  the  contractor  shall  furnish  a  certified  test 
report  showing  that  the  material  conforms  to  all  the  requirements  of  this  specification  with  the  exception  of  the 
storage  stability  test.  Additionally,  a  certified  statement  shaH  be  furnished  to  the  qualifying  activity  that 
specifically  Identifies  each  ingredient  including  solvent.  In  the  cleaning  compound  by  a  readily  recognizable 
chemical  name,  CAS  number,  source  and  the  percentage  by  weight  contained  In  the  compound.  Trade  names 
alone  will  not  be  considered  satisfactory. 


Qualification  required-  Prior  to  actual  procurement,  the  cleaning  compound  shall  pass  the  qualification 
Inspections  and  requirements  specified  herein.  If  the  product  is  later  modified  in  any  way,  the  modified  form 
shall  be  subjected  to  and  shall  pass  the  same  qualification  inspections  (see  3.1).  Any  changes  or 
modifications  from  the  formulation  used  at  the  initial  qualification  shall  be  approved  by  the  qualifying  activity 
and  may  require  requalification.  All  qualifications  will  be  granted  contingent  upon  compliance  with  the  long 
term  storage  stability  requirement  specified  in  paragraph  3.11. 
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4.4  Quality  conformancp  tftsts. 
consist  of  the  following  tests. 


Quality  conformance  tests  for  acceptance  of  the  cleaning  compoutKJ  shall 


A.  Workmanship 

B.  Cold  Stability 

C.  Insoluble  Matter 

D.  Consistency  (Type  III  only) 

E.  Immersion  Corrosion* 

F.  Emulsion  Characteristics 

G.  Nonvolatile  Matter 

H.  pH 

I.  Flash  Point 

J.  Infrared  Spectrogram  (Types  II.  Ill,  and  IV) 

K.  Gas  Chromatogram  (Type  I  only) 


•Immersion  Corrosion  Quality  Conformance  Test  ran  on  Aluminum  QQ-250/4.  Bare  T3  altoy  panel  only. 


if  during  quality  conformance  testing  a  lot  fails  any  of  the  above  acceptance  tests,  all  tests  required  for 
qualification  will  be  reinstituled.  These  qualification  tests  will  be  required  until  two  successive  lots  meet  all 
requirements  of  the  specification,  after  which  quality  conformance  testing  will  again  be  authorized.  (See 
paragraph  4.4.6) 


4.4.1  Sampling.  Unless  otherwise  specified,  not  less  than  a  3.8  liter  (1  gal)  container  of  the  cleaning 
compound  shall  be  selected  at  random  from  each  lot  and  subjected  to  the  tests  specified  in  4.4.  The  conlenis 
of  each  selected  container  for  sampling  shall  be  thoroughly  mixed  by  rolling  and  inverting  immediately  prior  to 
sarhpling. 


4.4.2  La!.  A  lot  shall  consist  of  one  of  the  following; 

a.  The  cleaning  compound  produced  in  not  more  than  24  consecutive  hours  from  a  continuous  process 
which  is  used  to  fill  shipping  containers  directly  from  the  process  output.  A  continuous  (srocess  shall  be 
the  production  of  product  by  continuous  input  of  raw  materials  and  output  of  finished  product  by  one 
manufacturer  In  one  plant  with  no  change  in  manufacturing  conditions  or  materials. 

b.  Tf»  cleaning  compound  from  individual  runs  of  a  batch  process  which  is  used  to  fill  shipping 
containers  directly  from  the  process  output.  A  batch  process  shall  be  the  production  of  product  by  runs 
from  single  additions  of  raw  materials  which  are  mixed,  reacted,  and/or  purified  forming  the  product. 

c.  The  cleaning  compound  from  either  or  both  the  continuous  and  batch  processes  which  is  held  in  a 
single  storage  lank  and  subsequently  withdrawn  to  fill  shipping  containers.  The  product  will  be 
homogeneous  at  the  time  of  withdrawal  and  shall  not  be  added  to  while  being  withdrawn.  After  each 
addition  to  the  storage  tank,  the  contents  shall  constitute  a  separate  lot. 


4.4.3  Sampling  of  product.  Unless  othenwise  specified,  quality  conformance  tests  shall  be  made  on  the 
sample  of  product  taken  directly  from  the  filled  containers.  The  number  of  filled  containers  selected  for 
sampling  from  each  lot  shaB  be  In  accordance  with  Table  III.  The  first  and  last  containers  to  be  filled  within  a 
given  lot  shall  be  sampled.  Other  containers  wiB  be  selected  at  random.  The  samples  may  be  obtained  in 
any  convenient  manner  that  does  not  compromise  the  integrity  of  the  sample.  The  sampled  containers  shall 
be  subjected  to  the  Inspections  specified  in  4.4.5. 
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TABLE  III. 


Sampling  for  Tests 


Number  of  Containers 

In  lot 

Number  of  Containers 
to  be  sampled 

2  to  15 

2 

16  to  25 

3 

26  to  90 

5 

91  to  150 

8 

151  to  280 

13 

281  to  500 

20 

501  to  1200 

32 

1201  to  3200 

50 

3201  to  10000 

80 

10001  to  35000 

125 

35001  to  150000 

200 

150001  to  500000 

315  ^ 

500001  arxJ  over 

500 

contractor  is  responsible  for  insuring  that  materials  and  components  used 
f  inspected  in  accordance  with  the  requirements  of  referenced  subsWiary 

specifications  and  standards  to  the  extent  specified,  or.  if  none,  in  accordance  with  this  specification^  (See  2  3) 


cif ^  *"  accordance  with  the  following 

K  *  '  defects.  The  lot  size,  for  purposes  of  determining  the  sample  size  In  accordance  with  Table  III 

shall  be  expressed  in  unite  of  filled  primary  containers  for  the  examination  specified  in  4.4  5 1  and  4  4  5  2  and 
m  units  of  shipping  containers  for  the  examinations  specified  in  4.4.5.3.  ^ 


for  contali^r  dgfecte.  The  end  item  containers  shall  be  examined  for  defects  in 
appearance,  closure,  construction,  workmanship,  and  markings  in  accordance  with  Table  IV. 


^•'*•5.2  Examination  for  net  content^  The  quality  of  the  batch  shall 
Is  less  than  the  specified  or  indicated  quantity. 


be  unacceptable  if  the  average  net  content 


Examination  of  preparation  for  dellypry  An  examination  shall  be 
palletization,  and  markings  comply  with  Section  5  and  Table  V. 


made  to  determine  the  packing. 


examined  and  tested  in  accordance  with  this 
specification  fails  to  conform  to  the  requirements  specified  herein,  the  entire  lot  represented  by  the  sample 
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shall  be  rejected.  Rejected  material  shall  not  be  resubmitted  for  acceptance  without  prior  approval  of  the 
qualifying  activity.  The  application  for  resubmission  shall  contain  full  particulars  concerning  previous  rejections 
and  all  measures  taken  to  correct  those  defects.  Samples  for  retest  shall  be  taken  from  previously  unopened 
product  containers. 


TABLE  IV.  Examination  for  Container  Defects 


EXAMINATION 

DEFECT 

-Appearance,  construction,  and 
workmanship 

Not  in  container  specified,  cracked, 
crushed,  or  any  defect  affecting 
serviceability.  Not  clean;  evidence  of 
dirt,  rusL  or  foreign  matter. 

-Closure 

Any  leakage  or  seepage  of  contents  in 
either  an  upright  or  horizontal  position. 
Closure  not  as  specified. 

-Markings 

Omitted,  illegible,  incorrect,  or  not  in 
accordance  with  contract 
requirements. 

TABLE  V.  Examination  of  Preparation  for  Deliyery 


EXAMINATION 

DEFECT 

-Packing 

Container  not  as  specified.  Arrangement 
or  number  of  unit  containers  per  pallet 
(as  applicable)  not  in  accordance  with 
contract  requirements.  Loose  or 
inadequate  strappings,  bulged  or 
distorted  containers. 

-Palletization 

Palletization  not  in  accordance  with 
requirements. 

-Markings 

Data  illegible,  incorrect,  incomplete  or 
not  in  accordance  with  contract. 

4.5  Testing  standards.  All  laboratory  tests  shall  be  conducted  at  standard  conditions  unless  otherwise 
specified  herein.  Standard  conditions  are  defined  by  FED-STD-141,  Section  9.  Unless  otherwise  specified,  all 
chemical  tests  shali  be  made  with  ACS  spedfication  reagent  grade  chemicais.  Unless  otherwise  specified,  all 
product  dilutions  will  be  made  with  distilled  water  which  conforms  to  the  requirements  of  ASTM  D  1193,  Type 
IV,  reagent  water.  The  term  “concentrated*  cleaner  or  compound  refers  to  that  concentration  of  the 


cleaner/compound  as  received  from  the  manufacturer, 
on  the  product. 


No  further  dilution  or  concentration  shall  be  performed 
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Test  methods 


4.6M  fjflny matter.  Weigh  5.00  -  0.01  g  of  the  sample  in  a  porcelain  or  glass  dish  about  6  to  8  cm  In 

Co^Snt  constant  weight  in  an  air  oven  at  a  temperature  of  105  ±  2’C. 

uSn  IS  attained  when  successive  heating  for  l-hour  periods  shows  a  loss  (or  gain)  of  not  more 

^  ^  "’atter  determinations  shall  be  made  on  a  minimum  of  two  samples  and  the  averaoe 

sliall  te  reported.  If  the  two  weights  differ  by  more  than  0.5%  (absolute)  the  procedure^ shall  be  repeated.^  The 
nonvoldtde  content  of  the  each  sample  shall  be  calculated  as  follows: 


%NVM  - [ 


A 

B 


X  too 


Where:  A  =  Weight  of  residue 

B  •=  Weight  of  sample 
%NVM  =  Percent  nonvolatile  matter 


4.6.2  Insoluble  matter.  The  concentrated  cleaning  compound  shall  be  thoroughly  agitated  and  a  200  ml  test 
SS^in^'o  «  valuLliltering  api^^^^ 

DieSi  of  126  mm  dfarSfpr  WhS!^  M  r?  “a®''-  «  s'^e  4  (126  mm  ID)  Buchner  funnel  and  a 

fiSSn  fHi  ^  diameter  Whatman  No  5  filler  paper,  or  equivalent.  The  filter  paper  shall  be  dried  at  60*C 
(140  F)  for  30  mini^es  Ml  a  gravity  convection  oven,  cooled  for  3  minutes  in  a  desfccator.  and  weighed  to  the 
rwarest  0.1  mg.  The  filter  paper  shall  be  placed  In  the  Buchner  funnel  so  that  its  circumference  coIrSdes  with 

“•  ,ha  me,  paper 

m  of  distilled  water  m  order  to  secure  it  properly  in  place.  The  test  sample  shall  be  filtered  The  sides  of  the 

IS2  ^In  Siiin"® ®  insoluble  matter  is  completely  transferred  with  the 

*^00  transferred  through  the  filter,  the  sides  of  the  funnel 
ihTliiS,  ®  ‘””'0  o"d  the  rinse  allowed  to  filter.  The  vacuum  on 

lK)uIlf6oS"fi2i‘F removed  from  the  funnel.  The  filter  paper  shall  be  dried  for  1 
hour  at  MG  (140  p  in  a  gravity  convection  oven,  cooled  for  3  minutes  in  a  desiccator,  and  weighed  to  the 
nearest  0.1  mg.  The  percent  insolubles  shall  be  calculated  as  follows: 


I  = 


A  -  B 
W 


X  100 


Where:  A  =  Final  filter  paper  weight 

B  -  Initial  filter  paper  weight 
W  =  Weight  of  sampfe 
I  =  %  wt  Insoluble  matter 


*1?®  6X610186(1  thfoughout  the  final  diying  and  weighing  cycle  to  maintain  the  flat  surface  of  the  filter 

paper  in  a  horizontal  position  in  order  that  none  of  the  insoluble  matter  will  be  lost.  Insoluble  matter 
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cluterniidations  shall  be  made  on  a  minimum  of  two  samples  and  the  average  shall  be  reported.  If  the  two 
results  differ  by  more  than  0.5%  (absolute)  the  procedure  shall  be  repeated. 


4.6.3  dH  value.  The  pH  value  of  the  concentrated  cleaning  compound  and  a  10  percent  solution  of  the 
cleaning  compound  in  freshly  boiled  distilled  water  shall  be  measured  in  accordance  with  ASTM  E  70. 


4.6.4  Residue  rinsibilitv.  Six  smooth  aluminum  dishes,  containing  no  creases  or  crevices,  shall  be  cleaned  In  a 
solution  of  Brite-Boy,  (from  3D  Inc.,  or  equivalent),  rinsed,  and  dried  to  constant  weight.  Ten  ml  of  a  25%  by 
volume  solution  of  the  cleaning  compound  in  standard  hard  water  (See  4.6.4.1)  shall  be  placed  in  three  of  the 
precleaned  dishes  and  tested  according  to  the  procedure  in  4.6.4.2. 


4.6.4.1  Preparation  of  standard  hard  water.  A  20-grain  (as  CaCOj)  hard-water  stock  solution  shall  be  prepared 
by  dissolving  0.40  ±  0.005  g  of  reagent  grade  Calcium  Acetate,  Ca(C2'^302)2’2H20  and  0.28  ±  0.005  g  of 
reagent  grade  Magnesium  Sulfate,  MgSO^'TH^O,  in  l  liter  of  boiled  distilled  water. 


4.6. 4.2  Procedure.  Dry  three  dishes  each  containing  10.0  ml  of  a  25%  cleaning  solution  for  7  1  /2  hours  in  a 
circulating  oven  at  68  ±  2  *0  with  full  draft.  Cool  in  desiccator  overnight  and  weigh.  Rinse  with  running 
distilled  water  for  1  minute.  Brush  with  a  sash-type  brush  containing  long-fiber  bristles  (2.5  cm  diameter  by  3.8 
cm  to  6.4  cm  long)  for  1  minute  using  distilled  water.  Rinse  for  30  seconds  with  running  distilled  water.  Dry  in 
oven  as  before,  cool  and  reweigh.  Standard  hard  water  (4.6.4. 1)  shall  be  tested  as  control  for  weight  change 
comparison  in  the  remaining  three  precleaned  dishes,  using  the  same  procedure  as  above. 


4.6.5  Heat  Stability.  A  141.75  g  sample  of  the  well  mixed  concentrated  cleaning  compound  shall  be  placed 
into  each  of  two  clean  255  ml  (12  oz)  clear  glass  bottles  having  approximate  dimensions  of  24  cm  in  height  by 
6.35  cm  In  diameter  (9.5  in  x  2.5  in).  One  bottle  containing  the  concentrated  cleaning  compound  shall  be 
sealed  with  a  screw  type  cap  and  stored  in  a  dark  place  at  standard  conditions  for  6  days  (144  hrs)  for 
reference  purposes.  Place  into  the  second  bottle  of  concentrated  cleaning  compound  a  strip  of  steel,  15.24 
cm  by  1.27  cm  by  0.05  cm  (6  in  x  0.5  In  x  0.02  In)  conforming  to  MIL-S-7952.  Clean  the  steel  strip  by 
abrasively  polishing  to  remove  surface  scale  and  corrosion  followed  by  Immersion  for  one  minute  in  P-D-680 
followed  by  immersion  for  one  minute  in  isopropyl  alcohol  (TT-i-735.  grade  A)  at  standard  conditions.  Seal  the 
bottle  containing  the  concentrated  cleaning  compound  and  the  cleaned  steel  strip  with  a  screw  type  cover  and 
shake  thoroughly  for  1  minute.  Place  the  bottle  in  a  bath  maintained  at  46  ±  2  "C  (115  ±  3  T)  for  5  hours, 
then  remove  and  allow  to  cool  to  ambient  conditions  for  19  hours.  This  heating/cooling  cycle  will  be  repeated 
5  times.  After  completion  of  the  test  period,  remove  the  test  strip  and  Inspect  the  portion  of  the  strip  which 
was  immersed  In  the  cleaning  compound  and  the  portion  exposed  to  the  vapor.  Any  corrosion,  pitting  or 
discoloration  constitutes  failure.  The  bottle  is  resealed  and  along  with  the  control  bottle,  that  has  been 
maintained  in  the  dark,  is  shaken  thoroughly  for  1  minute,  then  allowed  to  remain  undisturbed  for  1  hour  at 
room  temperature.  The  bottles  are  then  examined.  Any  marked  change  in  color,  precipitation,  layering  or 
separation  constitutes  failure. 


4.6.6  Cgid  Stability,  a  50  mi  sample  of  the  cleaning  compound  shall  be  poured  into  a  suitable  test  tube  and 
cooled  to  0*C.  This  temperature  shall  be  maintained  for  one  hour.  The  compound  shall  then  be  allowed  to 
reach  room  temperature.  After  5  (five)  complete  temperature  inversion  cycles  of  the  test  tube,  the  compound 
shall  be  examined  for  homogeneity.  A  slight  turbidity  shall  not  be  objectionable  provided  no  precipitation  is 
present. 
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4.G.7  glasli  poi>u.  The  flash  point  of  the  concentrated  cleaning  compound  (Type  I,  II.  III.  and  IV)  shall  be 
determined  in  accordance  with  ASTM  D  56  (Tag  Closed  Cup)  and  for  materials  that  have  a  tendency  to  form  a 
surface  film  under  the  test  conditions,  use  ASTM  D  93.  The  flash  point  of  the  10%  solution  in  distilled  water 
(Type  I  ortly)  shall  be  determined  in  accordance  with  ASTM  D  92. 


'*•6-8  gmulsiprr  characlgrigtips.  Twenty  ml  of  a  25%  by  volume  solution  (Types  I  and  II)  of  the  cleaning 
compound  (12.5%  by  volume  solution  for  Types  III  and  IV)  shall  be  placed  in  a  50  ml  glass  stoppered 
graduated  cylinder.  Twenty  ml  of  lubricating  oil  conforming  to  MIL-L-2104.  grade  lOW,  shall  be  added.  An 
emulsion  shall  be  formed  by  10  Inversions  of  the  graduated  cylinder  followed  by  a  vigorous  15  second  shake. 
After  the  emulsion  has  stood  for  5  minutes,  the  15  second  shake  shall  be  repeated.  At  5  minutes  and  8  hours 
for  the  Type  I  and  at  5  minutes  and  24  hours  lor  the  Types  II,  III  and  IV  cleaner,  the  amount  of  free  water  and 
cleaner  which  separates  from  the  lubricating  oil  shall  conform  to  the  requirements  of  Table  1. 


'♦•6-9  Hydrogen  embrittlement.  The  hydrogen  embrittlement  properties  of  the  cleaning  compound  shall  be 
determined  in  accordance  with  ASTM  F  519  using  either  Type  la,  1b.  or  lc.  Treatment  B  AISI  4340  steel 
specimens. 


4-6.10  Total  immersion  corrosion.  The  total  immersion  corrosion  effects  of  the  cleaning  compound  on  the 
new,  unused  metals  and  metal  alloys  listed  in  Table  II  shall  be  determined  in  accordetnce  with  ASTM  F  483. 
Conformance  to  the  requirements  in  Table  II  shall  be  for  weight  loss  after  168  hours.  In  order  to  obtain  the 
best  results  on  test  panels  in  this  very  low  weight  category,  the  panels  must  be  handled  with  gloves,  cleaned  in 
a  very  careful  manner  and  dried  in  an  oven.  They  are  cooled  and  dried  in  a  desiccator  both  before  and  after 
each  weighing. 


4-6.11  Low  embrittling  cadmium  plate  corrosion.  The  cleaning  compound  shall  be  evaluated  for  corrosion  on 
low-embrittling  cadmium  plate  in  accordance  with  ASTM  F  till. 


4-6.12  Effects  on  mipainted  melal  surfaces-  Tt»e  cleaning  compound  shall  be  evaluated  for  effects  on 
unpainted  metal  surfaces  in  accordance  with  ASTM  F  485. 


4-6-13  Eff.ec1.0n  painted  surfaces.  The  concentrated  cleaning  compound  (Type  III  only)  and  a  25%  solution 
(Type  I.  II,  and  IV  only)  with  distilled  water  shall  be  tested  in  accordance  with  ASTM  F502  except  that  the 
panels  used  for  testing  shall  be  coated  with  the  paint  systems  listed  In  Table  VI.  For  all  paint  systems  tested,  a 
separate  panel  wiP  be  required  for  both  25%  solution  and  concentrate.  For  Type  II,  Type  III,  and  Type  IV 
compouTKl,  conduct  the  test  on  all  paint  systems  Psted  in  Table  VI.  For  Type  I  compound,  conduct  the  test 
only  on  the  enamel  semigloss  (F)  and  polyurethane  (P)  paint  systems. 


4^-14  Stress  crazing  of  MIL-P-5425  and  MIL-P-25690  (tvoe  a  and  Cl  acrylic  Plastics.  The  cieaning  compound 
shall  be  evaluated  for  stress  crazing  of  stretch  (Type  A  and  C)  acrylic  plastics  in  accordance  with  ASTM  F  484. 


4-6.15  $trgss  crazing  of  polycarbonate  plastic.  The  cleaning  compound  shall  be  evaluated  for  stress  crazing 
of  polycarbonate  plastics  using  the  test  procedure  outlined  in  ASTM  F  484  with  the  exception  that  the  acrylic 
plastics  called  for  in  the  procedure  be  replaced  with  polycarbonate  plastic  conforming  to  MIL-P-83310  of  the 
same  dimensions  and  the  polycarbonate  specimens  shall  be  stressed  for  30  ±  2  minutes  to  an  outer  fiber 
stress  of  2000  psi. 
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4.6.16  Sandwich  corrosion.  The  cleaning  compound  sKall  be  tested  in  accordance  with  ASTM  F  1110  except 
that  non-conformance  shall  be  determined  by  the  requirements  specified  In  paragraph  3.7.5. 


4.6.17  Long  term  storage  stability.  The  cleaning  compound  shall  be  prepared  and  stored  for  long  term 
storage  stability  in  accordance  with  ASTM  F  1 104  using  two  (2)  3.8  liter  (one-gallon)  DOT  Specification  cans 
cotifonning  to  PPP-P-704:  or  the  non-metallic  specification  DOT  34-1  (or  the  polyethylene  UN  iHi  plastic 
container  which  may  be  substituted  for  the  DOT  34-1).  Manufacturers  using  both  types  material  in  production 
packaging  shall  test  each  type  container  with  their  product. 


4.6.18  Hot  Dip  Galvanizing  Corrosion.  The  total  immersion  corrosion  effect  of  the  concentrated  product  (Type 
III  only)  and  a  10%  solution  of  (Types  I.  II  and  IV)  cleaning  compound  and  distilled  water  on  Steel.  MIL-S-7952. 
Grade  1020,  Hot  Dip  Galvanized  per  ASTM  A  153  shall  be  evaluated  per  ASTM  F  483. 


4.6.19  Effects  on  DOivsulfide  sealant. 


4.6.19.1  Preparation  of  test  specimens.  MIL-S-81733,  Type  I,  and  MIL-S-8802,  Type  I.  sealants  shall  be  mixed 
as  specified  by  their  respective  manufacturers  and  each  pressed  into  a  1/8  inch  thick  sheet  mold  until  cured 
(this  will  be  the  sheet  stock  for  each  sealant).  The  sealants  will  be  cured  for  7  days  at  49'’C.  The  specimens 
shall  be  cut  from  the  sheet  stock. 


4.6.19.2  Iggt  procedyrgg.  Immerse  two  specimens  ol  each  sealant  in  the  concentrated  product  (Type  III  only) 
and  a  25%  solution  of  the  cleaning  compound  (Types  I,  II,  and  IV)  at  room  temperature  for  30  minutes. 
Remove  from  the  solution,  rinse  with  cool  tap  water,  and  test  within  30  minutes  for  Shore  A  hardness  in 
accordance  with  ASTM  D  2240. 


^■6-20  IfiSi  on  rubber  compatibilily.  Tests  win  be  conducted  on  AMS  3204  and  AMS  3209  rubbers  for 
compatibility  with  the  cleaning  compounds. 


Eteparation  of  test  specimens.  Three  (3)  test  specimens  will  be  used  for  each  type  rubber  specified 
Test  specimens  shall  be  cut  from  1/8  inch  sheet  stock. 


4.6.20.2  Test  pfQC€dvrg.  Test  and  record  the  Shore  A  hardness  of  each  test  specimen  in  accordance  with 
ASTM  D  2240.  Immerse  each  specimen  in  the  concentrated  product  (Type  III  only)  and  a  25%  solution  of  the 
cleaning  compound  (Types  I.  II.  and  IV)  at  room  temperature  for  30  minutes.  Remove  from  the  solution,  rinse 
with  cool  tap  water,  and  test  within  30  minutes  lor  a  Shore  A  hardness  in  accordance  with  ASTM  D  2240. 


4.6.21  Cleaning  tfficiency  (all  Typgg).  The  cleaning  efficiency  of  the  cleaning  compound  shall  be  reported  as 
the  average  of  three  test  results  and  shall  conform  to  the  Quantitative  Requirements  of  Table  I. 


4.6.21.1  PreparatiQO.  pf  control  .formula.  The  control  formula  shall  be  prepared  by  the  testing  laboratory  in 
accordance  with  Table  VII  and  subjected  to  the  cleaning  test  (4.6.21.5)  and  evaluation  (4.6.21.6).  Valid  control 
formula  preparations  shall  produce  denominator  values  greater  than  0.95  during  testing. 
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4.6.21.2  Eand  preparailon.  Bare  aluminum  alloy  panels  40.6  x  12.7  x  0.05  cm  (16  x  5  x  .02  in)  shall  be  used. 

4  6.21.3  Soil  preparation.  Molybdenum  disulfide  grease  soil  shall  be  prepared  by  blending  50  grams  of  carbon 
black  and  500  grams  MIL-G-21 164  grease  wilh  a  mechanical  grease  worker  for  15  minutes. 


TABLE  VI.  Test  Panel  Finishes 


Primer  Coatings 

Panel 

Set 

No. 

Primer  Material  Specification 

Dry  Film  Thickness 

Per  Coat/ 
mm  (inches) 

No.  of 
Coals 

Drying  Time  Before 
Topcoating 

L 

MlL-C-8514,  Coaling 

Compound  Metal  Pretreatment 
Resin-Acid  (First  Coat) 

0.0051  -0.0102 
(0.0002  -  0.0004) 

1 

2-8  hours 

MIL-P-7962,  Lacquer  Primer 
(Second  Coal) 

0.0076  -  0.0127 
(0.0003  -  0.0005) 

1 

2  -  8  hours 

FEPH 

MIL-P-23377,  Primer,  Coating 
Epoxy-Polyamide 

0.0178  •  0.0229 
(0.0007  -  0.0009) 

1 

2-8  hours 

Top  Coats.  Color  Number  17925  per  FED-STD-595  | 

Panel 

Set 

Topcoat 

Material 

Dry  Film 
Thickness  Per 
Coat/  mm 
(inches) 

No.  of 
Coats 

Drying 

Time 

Between 

Coats 

Dry  Film 

Thickness  mm 
(inches) 

Days  to 
Dry 

Before 

Testing 

L 

TT-L-32 

Lacquer, 

Acrylic  Gloss 

0.0102  •  0.0127 
(0.0004  -  0.0005) 

2 

1  hour 

0.0203  -  0.0254 
(0.0008  -  0.0010) 

7 

E 

MIL-C-22750 

Coating, 

Epoxy 

Topcoat 

0.0102  -  0.0127 
(0.0004  -  0.0005) 

2 

1  hour 

0.0203  -  0.0254 
(0.0008  -  0.0010) 

7 

m 

MIL-C-83286 

Polyurethane 

0.0203  -  0.0305 
(0.0008  •  0.0012) 

2 

1  hour 

0.0457  -  0.0610 
(0.0018  -  0.0024) 

7 

H 

MIL-C-85285 

same  as-P 

F 

TT-E-529 

Enamel 

Semigloss 

0.0203  -  0.0305 
(0.0008  -  0.0012) 

2 

1  hour 

0.0457  -  0.0610 
(0.0018  -  0.0024) 

7 

D 

MIL-P-23236 
Paint  Coating 
Requires  No 
Primer 

0.0457  -  0.0610 
(0.0018  •  0.0024) 

1 

7 
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4.6.2i.4  Applicalion  of  grease  soil.  Panels  shall  be  wiped  with  clean  tissue  soaked  in  reagent  grade  acetone 
then  dried  to  a  constant  weight.  Record  the  weight  to  the  nearest  0.1  mg.  Apply  approximately  200  mg 
grease  soil  using  a  soft  bristle  brush  over  an  area  approximately  2"  x  7‘  in  the  center  of  the  panel.  Remove 
excess  grease  soil  by  covering  the  lest  panel  with  a  folded  absorbent  tissue  and  exerting  pressure  by  rolling  a 
five  pound  rubber  cylinder  over  the  tissue.  Repeal  this  blotting  procedure  twice.  Each  freshly  soiled  panel 
sliall  be  baked  at  105  t  5  *C  for  60  minutes  then  cooled  to  room  temperature  and  weighed  to  the  nearest  0.1 
mg.  Only  use  panels  with  more  than  50  mg  of  grease  soil.  Panels  shall  be  used  within  4  hours. 


TABLE  VII.  Control  Formula  for  the  Cleaning  Efficiency  Test 


Component 

Control  Formula 
Composition  (%  by  weight)  1/ 

d'limonene 

30.0 

diethanolamine 

5.0 

nonionic  surfactant  (Triton  X-100) 

5.0 

distilled  water  (ASTM  D  1193.  type  IV) 

60.0 

1/.  This  formulation  is  corrosive  and  intended  solely  for  use  as  the  control  for  the  cleaning  efficiency  test. 
It  will  not  qualify  to  the  requirements  in  this  specification. 


4.6.21.5  Cleaning  test-  The  test  panels  shall  be  cleaned  using  a  Gardner  heavy  duty  wear  tester,  or 
equivalent,  fitted  with  a  cellulose  sponge.  The  sponge  shall  be  cut  such  that  the  dimension  parallel  to  the 
cleaning  stroke  is  9  cm  (3.5  in)  and  the  width  is  7  cm  (2.75  in).  The  cleaning  head  with  the  dry  sponge 
attached  shall  be  weighed  to  a  mass  of  495  to  505  grams.  The  cleaning  stroke  of  the  scrub  tester  shall  be  12 
inches.  The  cleaning  compound  (including  Type  III)  and  the  control  formula  shall  be  diluted  1  part  cleaner  with 
9  parts  distilled  water.  After  placing  a  soiled  test  panel  In  the  template  100  ml  of  the  cleaning  solution  shaH  be 
applied  to  the  sponge  then  applied  to  the  soiled  test  panel  so  that  it  is  completely  covered.  After  allowing  a  30 
secorxJs  dwell  time,  the  test  panel  shall  be  cleaned  using  5  cycles  of  the  wear  tester.  The  panel  shall  then  be 
adequately  rinsed  with  sufficient  amounts  of  distilled  water. 


4.6.21.6  Eyaluatign.  The  rinsed  panel  shall  be  heated  to  105*C  ±  5"C  for  lo  minutes,  cooled  to  room 
temperature,  then  weigh  to  the  nearest  0.1  mg.  Report  the  %  Qeaning  Efficiency  as  the  average  of  three  (3) 
tests  using  the  following; 


%Cleaning  Efficiency 


A  -  B 
A  -  C 

X  -  Y 
X  -  Z 


X  100 
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wliere;  A 
B 
C 
X 
Y 
2 


weight  of  the  soiled  panel  before  cleaning  with  product 
weight  of  the  soiled  panel  after  cleaning  with  product 
weight  of  the  unsoiled  panel  used  in  the  product  cleaning  test 
weight  of  the  soiled  panel  before  cleaning  with  the  control  formula 
weight  of  the  soiled  panel  after  cleaning  with  the  control  formula 
weight  of  the  unsoiled  panel  used  in  the  control  formula  cleaning  test 


4.6.22  Biodenradabilitv.  Biodegradation  will  be  determined  by  the  ‘Shake  Flask  Biodegradation  Tests*  for 
measuring  ultimate  or  ready  degradation  potential,  as  found  in  EPA  Chemical  Fate  Test  Guidelines  40  CFR 
Method  796.3100  (Aerobic  Aquatic  Biodegradation  Test)  or  40  CFR  Method  796.3240  (OECD  Screening  Test  for 
Ready  Biodegradabiiity).  Biodegradability  will  be  shown  as  carbon  transformation  by  both  soluble  organic 
carbon  reduction  and  CO2  evolution. 


4.6.23  Teroenes  hydrocarbons  (Type  I  only).  An  approved  test  procedure  shall  be  used.  See  3.3.1. 1. 


4.6.24  Consistency  fTyoe  III  only).  A  consistometer  (Central  Scientific  Company,  Chicago,  IL:  Catalog  No. 
24925  or  equivalent)  shall  be  used  as  follows:  Shake  the  container  of  cleaning  compound  by  hand  for  10 
seconds.  Pour  the  material  into  the  well  of  the  consistometer  completely  filling  it.  Release  the  gate  and 
determine  the  extent  of  flow  in  ten  seconds. 


4.6.25  Soravabilitv  (Type  III  only).  Fill  the  reservoir  of  the  application  test  equipment  with  Type  III  compound, 
as  supplied.  Release  the  compound  flow  valve  and  gradually  increase  the  nozzle  tip  pressure  to  not  nnore 
than  8  psi  pressure  ,  observing  the  discharge  spray  characteristics.  Report  the  following: 


a.  The  maximum  pressure  at  which  no  bubbles  are  released  into  the  surrounding  air. 

b.  The  distarx^e  the  gel  can  be  satisfactorily  projected. 


4.6.25.1  Technique:  Under  these  optimized  conditions  apply  with  a  sideways  sweeping  motion  the  compound 
to  a  vertical  surface  and  examine  the  deposited  film  arxl  record  assessment.  The  product  should  display 
uniformity  with  absence  of  large  and  entrained  air  bubbles  or  a  consistency  which  would  not  inhibit  effective 
cleaning. 


4.6.25.2  Application  test  equipment. 

a.  Reservoir  Hand  pump  pressure  sprayer  (modified),  or  pressure  pot  with  air  pressure  applied  from 
external  compressor. 

b.  Nozzle:  Fan  jet  with  an  equivalent  orifice  diameter  1.1  mm  and  spray  angle  65‘C.  (Spraying 
Systems  Co..  Wheaton  Illinois.  Item  Number  H-W  6503) 


4.6.26  Effect  on  oolvimide  insulated  wire.  Coil  two  segments  of  MIL-W-81381 /1 1-20  wire  approximately  61  cm 
(24  In)  and  place  Into  separate  118  ml  (4  oz)  wide  mouth  jars.  To  one  jar  add  sufficient  concentrate  cleaning 
compourd  to  completely  cover  the  wire  coil.  To  the  other  jar  (control  sample)  add  sufficient  distilled  water  to 
cover  the  wire  coil.  Cap  both  jars  and  store  at  room  temperature  (20  -  25  *C)  for  14  days.  At  the  end  of  the 
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Storage  period  remove  both  coils,  rinse  thoroughly  with  distilled  water  and  suspend  to  allow  complete  draining 
and  drying.  Uncoil  the  wires,  examine  each  closely  for  dissolution,  and  report  the  results.  The  wire  immersed 
in  the  cleaner  shall  perform  as  well  as  the  wire  immersed  in  distilled  water.  Both  wires  shall  then  be  subjected 
to  a  double  reverse  wrap  on  a  0.3  cm  (0.125  in)  mandrel  and  examined  for  cracking.  (Note:  Failure  of  the 
control  sample  here  voids  the  lest  and  must  be  repeated  using  new  MIL-W-81381/11-20  material).  Wire 
immersed  in  the  cleaner  shall  then  be  examined  for  cracking.  If  cracking  occurs  results  shall  be  reported  and 
the  lest  ended.  Passing  wire  shall  then  withstand  a  one  minute  dielectric  test  of  2,500  voits  (rms).  using  a 
Hypot  model  number  4045  or  equivalent,  and  examined  for  breakdown  and/or  leakage.  Wire  immersed  in  the 
cleaner  shall  perform  equally  well  as  the  control  wire  immersed  in  distilled  water. 


4.7  Toxicity  and  waste  disposal  characteristics.  The  supplier  shall  furnish  the  toxicological  data  or 
formulations  required  (See  3.3)  to  evaluate  the  safety  of  the  material  proposed  for  use.  The  manufacturer  will 
provide  current  procedures  for  disposal  per  federal  EPA  regulations.  The  supplier  shall  also  furnish  certification 
of  the  percent  activity  and  percent  biodegradability  of  the  cleaner.  The  data  will  be  forwarded  to  SA-ALC/SFTT 
1014  Andrews  Rd  STE  1,  Kelly  AFB  TX  78241-5603. 


4.8  Filler  materials.  The  contractor  shall  furnish  certification  that  the  cleaning  compound  contains  only  the 
materials  allowed  and  does  not  contain  any  filler  materials  disallowed  per  paragraph  3.2. 


4.9  Qualitative  Identification  of  Components  fTvpes  I.  II.  Ill,  and  IV1. 


4.9.1  Gas  Chromatogram  fType  I  only).  A  gas  chromatogram  of  the  Type  I  product  shall  be  provided  by  the 
Government  approved  qualification  laboratory  (See  3.4).  The  chromatpgram  shall  report  all  salient  instrumental 
parameters  (column  type  and  dimensions,  temperature(s),  carrier  gas  and  flow  rate,  detector  type,  sample 
diiution(s),  etc.)  required  to  produce  it. 


4.9.2  Infrared  spectrogram.  (Types  II,  III,  and  IV).  Infrared  spectrograms  of  the  nonvolatile  matter  shall  be 
prepared  by  the  Government  approved  qualification  laboratory  (See  3.4).  The  spectrogram,  including  method 
for  sample  preparation,  shall  be. provided  to  the  qualifying  activity  by  the  qualification  laboratory. 


5.  PACKAGING 


5.1  Packing.  Packing  shall  be  Level  A,  or  Industrial  for  required  net  fill,  as  specified. 


5.1.1  Lgyel.  A  The  cleaning  compound  shall  be  furnished  in  following  packages  which  shall,  as  a  minimum, 
meet  the  specifications  of  49  CFR  Parts  100  -  190; 


5.1.1-1  55  Gallon  Drums.  The  cleaning  compound  shall  be  available  in  208  liter  (55  gallon)  Specification  DOT 
17E  drums  conforming  to  PPP-D-729,  Type  II,  or  UN  1A1  drums  qualified  to  the  Packing  Group  II  level  and 
which  meet  the  minimum  specifications  for  a  Type  II  drum  in  accordance  wiht  PPP-D-729. 
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compound  shall  be  available  in  18.9  Kter  (5  gallo.i)  DOT 

'■  "•  "  Specilicatioa  DOT  34- 

\  18.9  liter  capacity  UN  iHi  polyethylene  container  which  may  be  subsituted  for  the  DOT  34-5). 


5.1.2  Industrial.  The  cleaning  compound  shall  be  packed  in  accordance  with  ASTM  D  3951  Cnntainorc  chaii 

IS."  -  0. 


^  J  matgrigl^.  The  container,  closure,  lining,  or  sealing  comoound  shall  not  Interart 

purity 


toraSSL  ST? uTpf c°"^POund.  shall  be  palletized  in  accordance  with  Load  Type  III 


be  marked  in  accordance  with  MIL-STD-129  and  49  CFR.  For  international 
Shipments,  containers  shall  also  be  marked  In  accordance  with  ICAO.  lATA  and  IMO  as  aoDlicable  for  mnriA  nf 
transportation.  The  shipment  marking  nomenclature  for  Type  I.  Type  II  and  Type  IV  shall  bt. 

CLEANING  COMPOUND.  AEROSPACE  EQUIPMENT.  TYPES  (I.  II.  OR  IV) 

DIP  TANK  IMMERSION  METHOD: 

®  minimum  of  two  parts  water  unless  otherwise  specified  in  Technical 
O  der  (TO).  Normal  dilution  ratios  are  1:4  for  heavy  soils.  1:10  for  light  soils. 


EXTERIOR  CLEANING  METHOD: 


AirgafL:  Dilute  the  concentrate  1 :10  to  1 :20  with  water  depending  on  the  amount  of  soil  to  be 
cleaning,  dilute  the  concentrate  with  4  to  10  parts  water  depending  on  the 

clMnkfgS^ef  ^  ^"^ine  components.  Not  recommended  for 


^Space  Ground  Equipfhent  (AGF)-  Dilute  the  concentrate  1:10  to  1:20  with  water  deoendino  on 

?enfZn  ^  ®°"®®ntrate  withtto  loTrl^waJer 

depending  on  the  amount  of  soil  to  be  removed.  After  cleaning,  rinse  off  with  water. 


Motor  Vehicle  Engines:  Dilute  the  concentrate  with  3  to 
soil  to  be  removed.  After  cleaning,  rinse  off  with  water 
engines. 


10  parts  virater  depending  on  the  amount  of 
Not  recommended  as  a  spot  cleaner  for 


The  shipment  marking  nomenclature  for  Type  III  shall  be: 
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CLEANING  COMPOUND.  AEROSPACE  EQUIPMENT.  TYPE  III.  GEL  TYPE  DEGREASER 

Directions:  Apply  full  strength  with  brush  or  pump  spray.  Allow  5  to  15  minutes  dwell  time.  Brush,  if 
necessary,  then  spray  with  fresh  water  to  rinse.  Brush  then  rinse  again  to  completely  remove  the 
cleaner. 


5.3. 1  Storage  temperature.  The  markings  on  the  container  shall  include  a  caution  statement  stating  the 
temperature  range  within  which  the  product  can  be  stored  without  compromising  the  performance  of  the 
product. 


5.4  Material  safety  data  sheet.  Contractor  shall  comply  with  the  requirements  of  the  latest  revision  of 
FED-STD-313. 


5.5  Hazardous  material  warning  labels.  A  hazardous  warning  label  shall  be  developed  in  accordance  with  the 
requirements  of  the  OSHA  Hazardous  Communication  Standard  (29  CFR  1910.1200)  and  MfL-STD-129. 


6.  NOTES 


6.1  Intended  use.  The  four  types  of  cleaning  compound  covered  by  this  specification  are  intended  to  be  used 
for  cleaning  Aerospace  Equipment  including  aircraft,  aerospace  ground  equipment  (AGE)  and  AGE  engines. 
The  cleaners  shall  be  used  in  place  of  other  cleaners  when  approved  by  the  System  Program  Manager  of  the 
equipment  being  cleaned.  Type  I  should  be  used  only  on  polyurethane  and  enamel  coatings  as  it  may  attack 
acrylic  nitrocellulose  lacquer  coatings  found  in  numerous  aircraft.  Type  I  and  IV  materials  are  intended  for  light 
to  heavy  duty  removal  of  greases,  oils,  hydraulic  fluid,  and  carbon.  Type  II  is  intended  for  light  to  medium 
cleaning  and  is  not  intended  to  remove  heavy  soils.  Type  III  is  intended  for  light  to  heavy  duty  removal  of 
greases,  oils,  hydraulic  fluid,  and  carbon  in  wheel  wells,  wing  butts  and  other  areas  where  complete  rinsing 
with  water  can  be  tolerated.  After  cleaning,  rinse  off  with  water.  These  cleaners  are  not  intended  to  be  used 
as  canopy  cleaners. 


6.2  Material  safety  data  sheets.  Contracting  officers  will  Identffy  those  activities  requiring  copies  of  completed 
Material  Safety  Data  Sheets  prepared  in  accordance  with  FED-STD-313.  The  pertinent  Government  mailing 
addresses  for  submission  of  data  are  listed  hi  FED-STD-313. 


6.3  Ordering  data.  Procurement  documents  should  specify  the  following; 

a.  Title,  number  and  date  of  this  specification. 

b.  Type  I,  Type  II,  Type  III  or  Type  IV. 

c.  Size  containers  required. 

d.  QPL  reference  or  test  number. 

e.  Level  of  packing  required. 

f.  Palletization,  when  applicable. 


6.4  Qualification.  With  respect  to  products  requiring  qualification,  awards  will  be  made  only  for  products 
which  are  at  the  lime  set  for  opening  of  bids,  qualified  for  inclusion  in  the  applicable  Qualified  Products  List 
whether  or  not  such  products  have  actually  been  so  listed  by  that  date.  The  ahention  of  the  contractors  is 
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|CalleU  to  this  requirement,  and  contractors  are  urged  to  arrange  to  have  their  products  that  they  propose  to 
f  offer  to  the  Federal  Government  tested  for  qualification  in  order  that  they  may  be  eigible  to  be  awarded 
^tracts  or  orders  for  the  products  covered  by  this  specification.  The  activity  responsible  for  the  Qualified 
Products  Ust  is  San  Antonio  Air  Logistics  Center.  Attention  SFTT,  1014  Andrews  Rd  Suite  1.  Kelly  AFB  TX 

78241-5603;  and  information  pertaining  to  qualification  of  products  may  be  obtained  from  that  activity  (See 
4.3.1}. 


6.5  Key  words. 
AGE 

Biodegradable 

Gel-type 

QPL 

Terpenes 
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MILITARY  SPECIFICATION 

GREASE,  MOLYBDENUM  DISULFIDE, 

FOR  LOW  AND  HIGH  TEMPERATURES, 

NATO  CODE  NUMBER  0-353 

This  specification  is  approved  for  use 
by  the  Departments  and  Agencies  of  the 
Department  of  Defense.  ' 

1.  SCOPE 

1.1  Scope.  This  specification  covers  the  requirements  for  one  grade  of  low  and 
high  temperature  molybdenum  disulfide  grease  for  use  as  a  lubricant  on  heavily 
loaded  sliding  steel  surfaces.  This  grease  Is  Identified  by  NATO  Symbol  G-353 
Military  Symbol  GMD. 

2.  APPLICABLE  DOCUMENTS 

2 . 1  Government  documents. 

2.1.1  Specifications,  standards,  and  handbooks.  Unless  otherwise  specified,  the 
following  specifications,  standards,  and  handbooks  of  the  issue  listed  in  that  Issue 
of  the  Department  of  Defense  Index  of  Specifications  and  Standards  (DoDISS)  speci¬ 
fied  in  the  solicitation  form  a  part  of  this  specification  to  the  extent  specified 
herein. 

SPECIFICATIONS 

MILITARY 

MIL-M-7866  -  Molybdenum  Disulfide,  Technical,  Lubricant  Grade. 

STANDARDS 

FEDERAL 

FED-STD-313  -  Material  Safety  Data  Sheets  Preparation  and  the 

Submission  of. 

FED-STD-791  -  Lubricants*,  Liquid  Fuels  and  Related  Products, 

Methods  of  Testing. 

Beneficial  comments  (recommendations,  additions,  deletions)  and  any  pertinent  data 
which  may  be  of  use  in  liiq)roving  this  document  should  be  addressed  to:  Engineering 
Specifications  and  Standards  Department  (Code  93),  Naval  Air  Engineering  Center, 
Lakehurst,  NJ  08733,  by. using  the  self-addressed  Standardisation  Document  Improve- 
ment  Proposal  (DP  Form  1426).  appearing  at  the  end  of  this  document  or  by  letter. 
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SUPERSEDING 
MIL-G-21164G 
17  July  1968 
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MILITABY 

MIL-STD-105  —  Sampling  Procedures  and  Tables  for  Inspection  by 

Attributes • 

MIL-STD-290  -  Packaging,  Packing  and  Marking  of  Petroleum  and 

Related  Products « 

(Copies  of  specifications,  standards,  handbooks,  drawings,  and  publications 
required  by  manufacturers  In  connection  with  specific  acquisition  functions  should 
be  obtained  from  the  contracting  activity  or  as  directed  by  the  contracting  officer.) 

2*2  Other  publications.  The  following  documents  form  a  part  of  this  specification 
to  the  extent  specified  herein.  The  issues  of  the  documents  which  are  Indicated  as 
DoD  adopted  shall  be  the  Issue  listed  in  the  current  DoDISS  and  the  supplement  thereto. 
If  applicable. 


AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM) 


ASTM  D  217 
ASTM  D  942 

ASTM  D  1264 
ASTM  D  1478 
ASTM  D  1743 
AST^I  D  2265 

ASTM  D  2595 

ASTM  D  2596 

ASTM  D  3336 

ASTM  D  4048 


Cone  Penetration  of  Lubricating  Grease. 

Oxidation  Stability  of  Lubricating  Greases  by  the  Oxygen 
Bomb  Method. 

Water  Washout  Characteristics  of  Lubricating  Greases. 
Low-Temperature  Torque  of  Ball  Bearing  Greases. 

Corrosion  Preventive  Properties  of  Lubricating  Greases. 
Dropping  Point  of  Lubricating  Grease  Over  Wide  Temperature 
Range. 

Evaporation  Loss  of  Lubricating  Greases  Over  Wide  Tempera¬ 
ture  Range. 

Extreme-Pressure  Properties  of  Lubricating  Grease  (Four- 
Ball  Method),  Measurement  of. 

Performance  Characteristics  of  Lubricating  Greases  in 
Ball  Bearings  at  Elevated  Temperatures. 

Detection  of  Copper  Corrosion  from  Lubricating  Grease  by 
the  Copper  Strip  Tarnish  Test. 


(Application  for  copies  should  be  addressed  to  the  American  Society  for  Testing 
and  Materials,  1916  Race  Street,  Philadelphia,  PA  19103.) 


(Industry  association  specifications  and  standards  are  generally  available  for 
reference  from  libraries.  They  are  also  distributed  among  technical  groups  and 
using  Federal  agencies.) 


2*3  Order  of  precedence.  In  the  event  of  a  conflict  between  the  text  of  this 
specification  and  the  references  cited  herein,  the  text  of.  this  specification  shall 
take  precedence. 


3.  REQUIREMENTS 

3.1  Qualification .  The  molybdenum  disulfide  grease  furnished  under  this 
specification  shall  be  products  which  are  qualified  for  listing  on  the  applicable 
qualified  products  list  at  the  time  set  for  opening  of  bids  (see  4.3  and  6.3). 
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3*2  First  article*  When  specified  (see  6.2,1),  a  sample  shall  be  subjected  to 
first  article  inspection  (see  4.4  and  6.4). 

3.3  Materials.  The.  composition  of  the  grease  is  not  limited,  except  that  it 
shall  contain  a  diester  liquid  lubricant  with  a  suitable  gelling  agent  and  molybde- 
niun  disulfide  conforming  to  MIL-M-7866,  (see  4.7.2). 

3.4  Physical  properties.  The  finished  grease  shall  conform  to  the  requirements 
specified  in  table  I  when  tested  in  accordance  with  4.7.2. 


Chemical  properties. 


3.5.1  Molybdenum  disulfide  content.  The  grease  shall  contain  not  less  than  4.5 
percent  and  not  more  than  5.5  .percent  molybdenum  disulfide  when  tested  in  accordance 
with  4.7.2. 


3.6  Toxicity.  The  grease  shall  have  no  adverse  effect  on  the  health  of  personnel 
when  used  for  its  Intended  purpose.  The  grease  shall  contain  no  components  which 
produce  noxious  vapors  in  such  concentrations  as  to  be  an  annoyance  to  personnel 
during  formulation  or  use  under  conditions  of  adequate  ventilation  while  exercising 
caution  to  avoid  prolonged  contact  with  the  skin  and  while  observing  Occupational 
Safety  and  Health  Administration  (OSHA)  guidelines.  Questions  pertaining  to  the 
toxic  effects  shall  be  ref erred. by  the  contracting  activity  to  the  appropriate 
departmental  medical  service  who  will  act  as  an  advisor  to  the  contracting  agency 
(see  4.3.2), 


4.  .  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  inspection.  Unless  otherwise  specified  in  the  contract 
or  purchase  order,  the  contractor  is  responsible  for  the  performance  of  all  in¬ 
spection  requirements  as  specified  herein.  Except  as  otherwise  specified  in  the 
contract  or  purchase  order,  the  contractor  may  use  hie  own  or  any  other  facilities 
suitable  for  the  performance  of  the  inspection  requirements  specified  herein, 
unless  disapproved  by  the  Government.  The  Government  reserves  the  right. to  perform 
any  of  the  inspections  set  forth  in  the  specification  where  such  inspections  are 
deemed  necessary  to  assure  supplies  and  services  conform  to  prescribed  requirements. 

4.2  Classification  of  inspections.  The  inspection  requirements  specified 
herein  are  classified  as  follows: 


a.  Qualification  inspection  (see  4.3). 

b.  First  article  inspection  (see  4.4). 

c.  Quality  conformance  Inspection  (see  4.5). 


}ualiflcation  inspection. 
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Inspection  sample.  The  qualification  Inspection  8anq>le 
shall  consist  of  10  pounds  of  grease.  The  sample  shall  be  forwarded  to  the  Air¬ 
craft  and  Crew  Systems  Technology  Directorate,  Code  60612,  Naval  Air  Development 
Center,  Warminster,  PA  18974.  The  sample  shall  be  plainly  Identified  by  a  securely 
attached  durable  tag  or  label  marked  with  the  following  Information. 

Sample  for  qualification  inspection. 

Grease,  Molybdenum  Disulfide,  for  Low  and  High  Temperatures. 

Name  of  manufacturer. 

Product  code  number. 

Batch  number. 

Date  of  manufacture. 

Submitted  by  (name)  (date)  for  qualification  Inspection  in 

accordance  with  HII^G— 21164D  under  authorization  of  (reference 

authorizing  letter)  (see  6.3). 

^•3.2  Test  reports.  Two  copies  of  the  manufacturer's  test  report,  containing 
complete  test  data  showing  that  material  submitted  for  qualification  conforms  to 
the  requirements  of  this  specification,  shall  be  submitted  with  qualification 
sample.  Location  and  Identity  of  the  plant  which  produced  the  sample  tested  shall 
also  be  supplied.  Material  safety  data  sheets  on  toxicity  shall  be  prepared  and 
submitted  to  the  qualifying  laboratory  (see  4.3.1)  In  accordance  with  F0)-STD-313 
(see  3.6) . 

A. 3. 3  Retention  of  qualification.  In  order  to  retain  qualification  of  a 
product  approved  for  listing  on  the  Qualified  Products  List  (QPL) ,  the  manufacturer 
shall  verify  by  certification  to  the  qualifying  activity,  that  the  manufacturer's 
product  complies  with  the  requirements  of  this  specification.  The  time  of  periodic 
verification  by  certification  shall  be  in  two-year  intervals  from  the  date  of 
original  qualification.  Ttie  Government  reserves  the  right  to  re-examine  the  quali¬ 
fied  product  whenever  deemed  necessary  to  determine  that  the  product  continues  to 
meet  any  or  all  of  the  specification  requirements. 

4.3.4  Qualification  Inspection  tests.  Qualification  Inspection  tests  shall  be 
as  specified  In  4.7.2. 

4.4  First  article  Inspection.  The  manufacturer  shall  submit  to  the  qualifying 
laboratory  (see  4.3.1)  a  10  pound  sample  of  grease  taken  from  the  first  production 
lot  of  grease  processed  under  the  first  contract  or  order.  After  the  product  has 
passed  the  qualification  Inspection  (see  6.3),  the  tests  shall  be  limited  to  the 
requirements  of  3.4  and  3.5  and  the  methods  of  4.7.2.  Delivery  of  the  grease  shall 
not  be  delayed  pending  completion  of  testing  on  the  first  article  sample  by  the 
qualifying  laboratory. 

4.5  Quality  conformance  Inspection.  The  quality  conformance  Inspection  of  the 
grease  samples  from  4.5.2  shall  consist  of  the  examinations  and  tests  specified  in 
table  II. 

4.5.1  Lot  formation.  A  lot  shall  consist  of  all  the  grease  produced  by  one 
manufacturer,  at  one  plant,  from  the  same  materials  and  under  essentially  the 
same  conditions,  provided  the  operation  Is  continuous  and  does  not  exceed  a  24 
hour  period.  In  the  event  the  process  Is  a  batch  operation,  each  batch  shall 
constitute  a  lot  (see  6.5). 
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4.5.2  Sampling. 

4.5.2. 1  Por  examination  of  filled  containers.  A  random  sample  of  filled  con¬ 
tainers,  fully  prepared  for  delivery,  shall  be  selected  from  each  lot  of  grease  In 
accordance  with  MIL-STD-105,  Inspection  level  I  and  an  acceptable  quality  level 
(AQL)  of  2.5  percent  defective. 

4.5 .2.2  For  tests.  The  sanqjle  for  tests  shall  consist  of  two  5  pound  samples  of 
grease  taken  at  random  from  filled  containers  from  each  lot  of  grease.  The  lot 
shall  be  unacceptable  if  either  sample  fails  to  comply  with  any  of  the  requirements 
for  the  tests  specified  In  4.7.2. 

4.6  Test  conditions.  Test  conditions  shall  be  in  accordance  with  4.7  and  the 
physical  values  specified  In  section  3  apply  to  the  average  of  determinations  made 
on  the  sample. 

4.7  Methods  of  examinations  and  tests. 

4.7.1  . Examinations .  Each  of  the  filled  containers,  selected  in  accordance  with 
4.5.2. 1,  shall  be  examined  for  defects  of  the  container  and  closure,  for  evidence  of 
leakage  and  for  unsatisfactory  markings  to  determine  conformance  with  5.1-  Each 
sample  container  shall  also  be  weighed  to  determine  the,  amount  of  contents.  If  the 
number  of  defective  containers  exceeds  the  acceptance  number  of  the  sampling  plan 
specified  in  4 .5 .2,1,  the  lot  shall  be  rejected. 

4.7.2  Tests.  Tests  shall  be  performed  in  accordance  with  table  III  to  determine 
conformance  with  the  requirements  specified  in  3.4  and  3.5. 

5..  PACKAGING 

5.1  Packaging,  packing  and  marking.  The  grease  shall  be  packaged,  packed  and 
marked  in  accordance  with  MIL-STD-290.  The  type  and  size  of  the  containers  and  the 
level  of  packaging  and  packing  shall  be  as  specified  by  the  acquiring  activity  (see 
6.2.1). 


6.  NOTES 

6.1  Intended  use.  The  grease  covered  by  this  specification  is  intended  for  use 
as  a  lubricant  for  accessory  splines,  heavily  loaded  sliding  surfaces  or  for  anti¬ 
friction  bearings  carrying  high  loads  and  operating  through  wide  temperature  ranges 
where  molybdenum  disulfide  will  prevent  or  delay  seizure  in  the  event  of  inadequate 
lubrication.  This  grease  should  not  be  used  for  wheel  bearings  or  for  other  than 
steel  surfaces  without  prior  performance  evaluation. 

6.2  Ordering  data. 

6,2.1  Acquisition  requirements.  Acquisition  .documents  should  specify  the 
following: 


a.  Title,  number  and  date  of  this  specification. 

b.  Quantity  desired. 

c.  Whether  first  article  inspection  is  required  (see  3..2  and  4.4). 
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d#  Size  and  type  of  container  for  grease  (see  5.1), 

e.  Applicable  levels  of  packaging  and  packing  and  other  options  (see  5.1). 

6*3  Qualification.  With  respect  to  products  requiring  qualification,  awards 
will  be  made  only  for  products  which  are,  at  the  time  set  for  opening  of  bids, 
qualified  for  Inclusion  in  Qualified  Products  List  (QPL-21164)  whether  or  not  such 
products  have  actually  been  so  listed  by  that  date.  The  attention  of  the  contractors 
Is  called  to  these  requirements,  and  manufacturers  are  urged  to  arrange  to  have  the 
products  that  they  propose  to  offer  to  the  Federal  Government  tested  for  quali¬ 
fication  In  order  that  they  may  be  eligible  to  be  awarded  contracts  or  purchase 
orders  for  the  products  covered  by  this  specification.  The  activity  responsible  for 
the  Qualified  Products  List  Is  Commander,  Naval  Air  Systems  Command,  Attn;  AIR- 
5304,  Washington,  DC  20361;  however,  Information  pertaining  to  qualification  of 
products  and  letter  of  authorization  for  submltal  of  sample  may  be  obtained  from  the 
Aircraft  and  Crew  Systems  Technology  Directorate,  Code  60612,  Naval  Air  Development 
Center,  Warminster,  PA  18974. 

6.4  First  article.  When  a  first  article  inspection  is  required,  the  Item  will 
be  tested  and  should  be  a  sample  selected  from  the  first  production  lot.  The  first 
article  should  consist  of  a  10  pound  sample  of  grease.  The  contracting  officer 
should  Include  specific  instructions  for  examinations,  tests  and  approval  of  the 
first  article. 

6.5  Batch.  A  batch  is  defined  as  that  quantity  of  material  which  has  been 
manufactured  by  some  unit  chemical  process  and  subjected  to  some  physical  mixing 
operation  Intended  to  make  the  final  product  substantially  uniform. 

6.6  International  standardization  agreements.  Certain  provisions  of  this  speci¬ 
fication  (see  1.1)  are  the  subject  of  international  standardization  agreement,  ASCC 
Air  Standard  15/1,  NATO  STANAG  NAT-STD-1135.  When  amendment,  revision,  or  cancel¬ 
lation  of  this  specification  is  proposed,  which  will  modify  the  international  agree¬ 
ment  concerned,  the  prepairing  activity  will  take  appropriate  action  through  inter¬ 
national  standardization  channels  Including  departmental  standardization  offices  to 
change  the  agreement  or  make  other  appropriate  accomodations. 

6.7  Changes  from  previous  Issue.  Asterisks  are  not  used  in  this  revision  to 
Identify  changes  with  respect  to  the  previous  issue  due  to  the  extensiveness  of  the 
changes . 

Custodians: 

Army  ,-  ME 
Navy  -  AS 
Air  Force  -  11 

Review  activities: 

Army  -  AR,  MI 
Air  Force  -  85 

International  Interests: 

MATO  (see  6.6) 


Preparing  activity: 
Navy  -  AS 

(Project  No.  9150-0602) 
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TABLE  I,  Physical  properties.  -  Continued 

\J  Should  the  strip  appear  to  have  a  darker  orange  color  then  the  ASTM  standard 
strip  lb,  consider  the  observed  strip  as  still  In  ASTM  classification  lb.  If 
any  evidence  of  red  color  Is  noticed,  the  observed  strip  belongs  in  ASTM  classi¬ 
fication  2. 

2,/  No  pitting,  etching,  discoloration  or  corrosion  In  excess  of  three  small  spots. 


TABLE  II .  Quality  conformance  tests. 


Inspection 

Paragraph 

Requirement 

Test  method 

Penetration 

3.4 

4.7.2 

Dropping  point 

3.4 

4.7.2 

Copper  corrosion 

3.4 

4.7.2 

Evaporation 

3.4 

4.7.2 

Oil  separation 

3.4 

4.7.2 

Low  temperature  torque 

3.4 

4.7.2 

Extreme  pressure  properties 

3.4 

4.7.2 

Penetration  after  mechanical  working 

3.4 

4.7.2 

Examination  of  filled  containers 

5.1 

4.7.1 
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TABLE  III.  Methods  of  teste. 


Tests 

Method 

FED-STD-791 

ASTM 

Dropping  point 

- 

D  2265 

Penetration 

- 

D  217 

Bomb  oxidation 

- 

D  942 

Copper  corrosion 

- 

D  4048 

Water  resistance 

- 

D  1264 

Evaporation 

- 

D  2595 

Oil  separation 

321 

Low  temperature  torque 

- 

D  1478 

Extreme  pressure  properties 

- 

D  2596 

High  temperature  performance 

- 

D  3336 

Penetration  after  mechanical  working 

313 

- 

Rust  preventive  properties 

- 

D  1743 

Molybdenum  disulfide  content  2J 

3720 

- 

Storage  stability 

3467 

jj  Test  shall  be  conducted  at  (-lOO^F).  Observations  for 

skidding  or  ball  sliding  shall  be  made  during  test  run. 

y  For  non-soap  greases  use  method  3722  of  FED-STD-791  or  Instru¬ 
mental  analytical  test  methods  such  as  X-ray  fluorescence  tech¬ 
niques  . 

2/  Tea^jerature  of  40°  ±  2°C  (104°  ±  4°F)  to  be  maintained  for 
6  months. 
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1  METRIC  I 

MIL-G-81322E 
22  JANUARY  1992 
SUPERSEDING 
MIL-G-81322D 

2  AUGUST  1982 


MILITARY  SPECIFICATION 

GREASE,  AIRCRAFT,  GENERAL  PURPOSE, 

WIDE  TEMPERATURE  RANGE 

This  specification  Is  approved  for  use  by  all 
Departments  and  Agencies  of  the  Department  of  Defense 


1 .  SCOPE 

1.1  Scope.  This  specification  covers  the  requirements  for  two  grades  of 
grease.  Grade  A  Is  formulated  for  the  lubrication  of  aircraft  accessories  and 
aircraft  related  equipment.  Grade  B  grease  Is  formulated  for  the  lubrication  of 
aircraft  arresting  gear  and  other  equipment  that  operate  under  high  contact 
loads  and  high  sliding  speeds.  Both  grades  of  grease  are  formulated  to 
withstand  operations  at  high  speeds  and  temperatures  of  -54*  to  177*C  (-65*  to 

350  F)  (see  6.1).  Grade  A  grease  Is  Identified  by  NATO  Code  G-395  and  Military 
Symbol  HTR  (see  6.7). 

2.  APPLICABLE  DOCUMENTS 

2.1  Government  documents. 

Specifications  and  standards.  The  following  specifications  and 
*  part  of  this  document  to  the  extent  specified  herein.  Unle'ss 
otherwise  specified,  the  Issues  of  these  documents  are  those  listed  In  the  Issue 
of  the  Department  of  Defense  Index  of  Specifications  and  Standards  (DODISS)  and 
supplement  thereto,  cited  In  the  solicitation  (see  6.2). 

SPECIFICATIONS 

MILITARY 

MIL-P-5431  Plastic,  Phenolic,  Graphited  Sheets,  Rods,  Tubes,  and 
Shapes 

MIL-G-23549  Grease,  General  Purpose 

Beneficial  comments  (recommendations,  additions,  deletions)  and  any  pertinent 
data  which  may  be  of  use  In  Improving  this  document  should  be  addressed  to: 
commanding  Officer,  Naval  Air  Warfare  Center.  Aircraft  Division  Lakehurst 
Systems  Requirements  Department  (Code  SR3),  Lakehurst,  NO  08733-5100,  by 
using  the  Standardization  Document  Improvement  Proposal  (DO  Form  1426) 
appearing  at  the  end  of  this  document  or  by  letter. _ 


AMSC  N/A 

DISTRIBUTION  STATEMENT  A. 


.  .  ^  u,,  f'SC  9150 

Approved  for  public  release;  distribution  Is  unlimited. 
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STANDARDS 

FEDERAL 

FED-STD-313  Material  Safety  Data,  Transportation  Data  and  Disposal 
Data  for  Hazardous  Materials  Furnished  to  Government 
Activities 

FED-STD-791  Lubricants,  Liquid  Fuels,  and  Related  Products; 

Methods  of  Testing 

MILITARY 

MIL-STD-105  Sampling  Procedures  and  Tables  for  Inspection  by 
Attributes 

MIL-STD-290  Packaging  of  Petroleum  and  Related  Products 

(Unless  otherwise  Indicated,  copies  of  federal  and  military  specifications, 
standards  and  handbooks  may  be  obtained  from  the  Naval  Publications  and  Printing 
Service,  Standardization  Documents  Order  Desk,  Bldg.  4D,  700  Robbins  Avenue, 
Philadelphia.  PA  19111-5094). 


2.1.2  Other  Government  documents  and  publications.  The  following  other 
Government  documents  and  publications  form  a  part  of  this  specification  to  the 
extent  specified  herein.  Unless  otherwise  specified,  the  Issues  are  those  cited 
In  the  solicitation. 

Code  of  Federal  Regulations  <CFR); 

29  CFR  1910.1200  Occupational  Safety  and  Health  Standards  - 
Hazard  Communications 

(Application  for  copies  of  the  above  listed  document  should  be  addressed  to 
the  Superintendent  of  Documents,  Government  Printing  Office,  Mashlngton,  DC 
20402). 


Naval  Air  Engineering  Center  Document 

Material  and  Process  Requirement 

MPR  400  Graphited  Phenolic  Material,  MIL-P-5431A(AS) : 

Modification  of  Requirements  for  Sheets  Used  In 
Arresting  Gear  and  Catapult  Applications 

(Application  for  copies  of  the  above  listed  document  should  be 
addressed  to  the  Commanding  Officer,  Naval  Air  Warfare  Center,  Aircraft  Division 
Lakehurst,  Systems  Requirements  Department  (Code  SR46),  Lakehurst.  NJ 
08733-5092) . 
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2.2  Non-Government, publications.  •  The  following  documents  form  a  part  of 
this  specification  to  the  extent  specified  herein.  Unless  otherwise  specified, 
the  issues  of  the  documents  which  are  DOD  adopted  are  those  listed  In  the  Issue 
of  the  OODISS  cited  In  the  solicitation.  Unless  otherwise  specified,  the  Issues 
of  documents  not  listed  In  the  DODISS  are  the  Issues  of  the  documents  cited  In 
the  solicitation  (see  6.2). 

AMERICAN  NATIONAL  STANDARDS  INSTITUTE  (ANSI) 

ANSI  Z129.1  American  National  Standard  for  Hazardous  Industrial 
Chemicals  -  Precautionary  Labeling 

(Application  for  copies  of  the  above  listed  document  should  be  addressed  to 
the  American  National  Standards  Institute,  Inc.,  1430  Broadway,  New  York,  NY 
10018). 


AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM) 

ASTM  B  150/B  150M  Aluminum  Bronze,  Rod,  Bar.  and  Shapes 

ASTM  D  217  Cone  Penetration  of  Lubricating  Grease 

ASTM  D  235  Standard  Specification  for  Mineral  Spirits 

(Petroleum  Spirits)  (Hydrocarbon  Dry  Cleaning 
Solvent) 

ASTM  D  740  Methyl  Ethyl  Ketone 

ASTM  D  942  Oxidation  Stability  of  Lubricating  Greases  by  the 

Oxygen  Bomb  Method 

ASTM  D  1264  Mater  Washout  Characteristics  of  Lubricating 

Greases 

ASTM  0  1478  Low-Temperature  Torque  of  Ball  Bearing  Greases 

ASTM  D  1743  Corrosion  Preventive  Properties  of  Lubricating 

Greases 

ASTM  D  2265  Dropping  Point  of  Lubricating  Grease  Over  Wide 

Temperature  Range 

ASTM  D  2266  Wear  Preventive  Characteristics  of  Lubricating 

Grease  (Four-Ball  Method) 

ASTM  D  2595  Evaporation  Loss  of  Lubricating  Greases  Over  Wide 

Temperature  Range 

ASTM  0  2596  Measurement  of  Extreme  Pressure  Properties  of 

Lubricating  Grease  (Four-Ball  Method) 

ASTM  D  2714  Calibration  and  Operation  of  the  Falex 

Block-on-RIng  Friction  and  Wear  Testing  Machine 
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ASTM  D  3336  Performance  Characteristics  of  Lubricating  Greases 

In  Ball  Bearings  at  Elevated  Temperatures 

ASTM  D  4048  Detection  of  Copper  Corrosion  from  Lubricating 

Grease  by  the  Copper  Strip  Tarnish  Test 

ASTM  D  4057  Manual  Sampling  of  Petroleum  and  Petroleum  Products 

(Applications  for  copies  should  be  addressed  to  the  American  Society  for 
Testing  and  Materials,  1916  Race  Street,  Philadelphia,  PA  19103-1187). 

SOCIETY  OF  AUTOMOTIVE  ENGINEERS  <SAE) 

Aerospace  Materials  Specification  (AMS) 

AMS  6294  Steel  Bars  and  Forgings,  Carburizing 

1.8N1-0.25Mo(0. 17-0. 220  (SAE  4620) 

(Application  for  copies  should  be  addressed  to  SAE,  400  Commonwealth  Drive, 
Harrendale,  PA  15096-0001). 


2.3  Order  of  precedence.  In  the  event  of  a  conflict  between  the  text  of 
this  document  and  the  references  cited  herein  (except  for  related  associated 
detail  specifications,  specification  sheets  or  MS  standards),  the  text  of  this 
document  shall  take  precedence.  Nothing  In  this  document,  however,  supersedes 
applicable  laws  and  regulations,  unless  a  specific  exemption  has  been  obtained. 


3.  REQUIREMENTS 

3.1  Qualification.  The  greases  furnished  under  this  specification  shall 
be  products  which  are  authorized  by  the  qualifying  activity  for  listing  on  the 
applicable  qualified  products  list  at  the  time  of  award  of  contract  (see  4.4  and 
6.3).  Any  change  In  the  formulation  of  a  qualified  product  will  necessitate  Its 
requalification.  The  material  supplied  under  contract  shall  be  Identical, 
within  manufacturing  tolerances,  to  the  product  receiving  qualification. 

3.2  First  article.  When  specified  (see  6.2.1),  a  sample  shall  be 
subjected  to  first  article  Inspection  (see  4.5  and  6.4). 

3.3  Materials.  The  grease  shall  consist  essentially  of  a  wide  temperature 
range  liquid  lubricant  and  a  jelling  agent  with  a  high  melting  point. 
Compositions  containing  base  oils  radically  different  from  those  In  greases 
currently  listed  on  the  Qualified  Products  List  shall  be  compatible  with  the 
listed  greases  (see  4.4.2). 

3.4  Physical  properties.  Physical  properties  of  the  grease  shall  be  In 
accordance  with  Table  I,  when  tested  as  specified  In  Table  II. 
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TABLE  I. 


ProDertles 

Odor 

Limits 

No  object! onal  odor  of 
rancidity,  perfume 
or  free  alcohol 

Dirt  particles  per  miniliter  (ml) 
of  grease,  maximum  (max.) 

25-74  microns  (pm)  diameter 

75  microns  (pm)  diameter  or  larger 

1000 

None 

Dropping  point,  minimum  (min.) 

232*C  (450*F) 

HorKed  penetration 

Grade  A 

Grade  B 

265  -  320 

300  -  330 

Corrosiveness  (copper  strip)  y 

1b,  max. 

Oxidation  stability,  at  99*C  (210*F), 
pressure  drop,  max.; 

In  100  hours  (hrs.) 

In  500  hrs. 

0.083  MPa  (12.0  psi) 

0.172  MPa  (25.0  psi) 

Water  resistance, 

at  40*  -  42*C  (103*  -  107* F),  max. 

20  percent 

High  temperature  performance, 

at  174*  -  180*C  (345*  -  355*F)  2/ 

400  hrs,  rain. 

Evaporation,  weight  loss,  in  22  hours, 
at  174*  -  180*c  (345*  -  355*F).  max. 

12.0  percent 

Oil  separation,  weight  loss  in  30  hours 
at  174*  -  180*C  (345*  -  355*F),  max. 

10.0  percent 

Load  carrying  capacity, 

(Load  wear  index),  min. 

30.0 

Rubber  swell,  max. 

10.0  percent 

Low  temperature  torque ,  max . : 
(newton-meter  (N-m)  (inch-pound  (1n-1b)) 
Starting 

Running  (after  60  minutes), 
at  -54*C  (-65* F) 

0.98  N-m  (8.70  in-lb) 

0.098  N-m  (0.87  in-lb) 

Steel  on  steel  wear,  max  3/ 

1.3  mm  (0.05  in.) 
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TABLE  I.  Physical  properties  -  Continued. 


Properties 

Limits 

Jtorked  stability  (penetration),  max.. 

after  100,000  double  strokes 

350 

Rust  preventative  properties. 

•ASTM  rating 

Pass  4/ 

Gear  wear,  mg/1000  cycles,  max.: 

Under  2.27-kg  (5  pound  (lb.))  load 

2.5 

Under  a  4.54-kg  (10-lb.)  load 

3.5 

Oscillation: 

Friction  and  wear 
after  35,000  cycles. 

width  of  wear  scar,  max. 

6.35  mm  (0.25  in.) 

Storage  stability,  penetration,  min.: 

Unworked 

200 

Separation  of  crystalline  material 

None 

Worked,  max. 

Grade  A,  change  from  original 

±  30 

Grade  B,  change  from  original 

±  20 

Friction  coefficient  (Grade  B  only) 

Initial,  max. 

0.23 

Steady  state 

0.10 

Frictional  heating  (Grade  B  only),  max. 

i95‘C  (383*F) 

1/  The  grease  shall  show  no  green  color  In  that  portion  contacting  the 
copper  strip.  The  copper  strip  shall  not  tarnish  nore  than  a 
classirl cation  of  1b  when  compared  with  the  ASTM  copper  strip  corrosion 
standards. 

2/  Average  of  four  test  runs. 

3/  Based  on  the  average  diameter  of  wear  scars  on  the  three  steel  balls. 

4/  Based  on  the  pass  or  fail  rating  as  determined  by  at  least  two  of  three 

bearins. 


3.5  Toxicity.  The  grease  furnished  under  this  specification  shall  have 
no  adverse  effect  on  the  health  of  personnel  when  used  for  its  intended 
purpose.  Questions  pertinent  to  the  effects  of  this  grease  shall  be  referred 
by  the  contracting  agency  to  the  appropriate  departmental  medical  service 
The  departmental  medical  service  will  act  as  advisor  to  the  contracting  agency 
(see  4.4.2  and  6.10).  Material  safety  data  sheets  shall  be  prepared  and 
submitted  In  accordance  with  3.6. 
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.  Material  safety  data  sheets.  Material  safety  data  sheets  (MSDS) 

shall  be  prepared  and  submitted  In  accordance  with  FED-STD-313  and  shall  be  In 
accordance  with  the  requirements  of  29  CFR  1910.1200.  Hhen  FED-STD-313  is  In 
variance  with  the  CFR,  29  CFR  1910.1200  shall  take  precedence,  modify,  and 
supplement  FED-STD-313.  One  copy  of  the  MSDS  shall  accompany  the  samples 
being  submitted  to  the  qualifying  activity  for  testing  (see  4.4,2). 

3.7  Workmanship.  The  grease,  when  examined  visually,  shall  be  a  smooth 
and  homogeneous  mixture,  free  from  lumps  and  extraneous  materials. 

4. .  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  Inspection.  Unless  otherwise  specified  In  the 
contract  or  purchase  order,  the  contractor  Is  responsible  for  the  performance 
of  all  Inspection  requirements  (examinations  and  tests)  as  specified  herein. 
Except  as  otherwise  specified  In  the  contract  or  purchase  order,  the 
contractor  may  use  his  own  or  any  other  facilities  suitable  for ’the 
performance  of  the  inspection  requirements  specified  herein,  unless 
disapproved  by  the  Government.  The  Government  reserves  the  right  to  perform 
any  of  the  Inspections  set  forth  In  this  specification  where  such  Inspections 
requlrements^*”^*^**^^  ensure  supplies  and  services  conform  to  prescribed 

4.1.1  Responsibility  for  compliance.  All  Items  shall  meet  all 
I?*"®!!?*  sections  3  and  5.  The  Inspections  set  forth  In  this 

specification  shall  become  a  part  of  the  contractor's  overall  Inspection 

absence  of  any  Inspection  requirements  In  the 
specification  shall  not  relieve  the  contractor  of  the  responsibility  of 
ensuring  that  all  products  or  supplies  submitted  to  the  Government  for 

with  all  requirements  of  the  contract.  Sampling  Inspection, 
manufacturing  operation.  Is  an  acceptable  practice  to  ascertain 
however,  this  does  not  authorize  submission  of 

herel^le^Hifnmrfr^TOgr^-  requlr.ment,  specified 


a.  Qualification  Inspection  (4.4). 

b.  First  article  Inspection  (see  4.5). 

c.  Quality  conformance  Inspection  (4.6). 

4.3  Inspection  conditions.  Unless  otherwise  specified,  all  test 

In  accordance  with  4.7  and  the  physical  values 
^  average  of  determinations  made  on  the 

sample.  Unless  otherwise  specified,  all  tests  shall  be  performed  on  unworked 
grease. 
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Qualification  Inspection.  Qualification  Inspection  shall  consist  of 
a  review  of  the  manufacturer's  test  report  (see  4.4.2)  to  determine  that  the 
qualification  Inspection  sample  (see  4.4.1)  complies  with  all  the  requirements 
for  the  physical  properties  specified  In  Table  I  when  tested  In  accordance 
with  the  Inspection  methods  specified  In  Table  II.  In  order  to  determine  the 
suitability  of  the  grease  for  specific  service  applications,  the  qualifying 
activity  reserves  the  right  to  conduct  wheel  bearing,  actuator  or 
compatibility  tests. 

4.4.1  Qualification  Inspection  sample.  The  qualification  Inspection 
sample  shall  consist  of  6.81-kg  (15.0-lb.)  of  grease.  The  sample  shall  be 
forwarded  to  the  (^amraander.  Naval  Air  Warfare  Center,  Aircraft  Division 
Warminster,  Aircraft  and  Crew  Systems  Technology  Directorate,  Code  6061, 
Warminster,  PA  18974.  The  sample  shall  be  plainly  Identified  by  a  securely 
attached,  durable  tag  or  label  containing  the  Information  listed  below: 


Qualification  test  sample. 

GREASE,  AIRCRAFT,  GENERAL  PURPOSE,  WIDE  TEMPERATURE  RANGE. 
Grade  (A  or  B.  as  applicable). 

Manufacturer's  name. 

Manufacturer's  product  number. 

Batch  number. 

Date  of  manufacture. 

Submitted  by  (name  and  date),  for  qualification  Inspection 
In  accordance  with  MIL-G-81322E,  under  authorization  of 
(reference  authorization  letter). 


The  qualification  test  sample  shall  be  forwarded  to  the  laboratory  designated 
In  the  letter  of  authorization  (see  6.3). 


.  Test  reports.  Two  copies  of  the  manufacturer's  test  report, 

containing  complete  test  data  showing  that  material  submitted  for 
qualification  conforms  to  the  requirements  of  this  specification,  shall  be 
submitted  with  the  qualification  Inspection  sample.  Location  and  Identity  of 
the  plant  which  produced  the  qualification  Inspection  sample  shall  be 
supplied.  Material  safety  data  sheets  on  toxicity  shall  be  prepared  and 
submitted  to  the  qualifying  laboratory  (see  4.4.1)  In  accordance  with  3.6. 

^  Retention  of  qualification.  In  order  to  retain  qualification  of  a 

product  approved  for  listing  on  the  Qualified  Products  List  (QPL),  the 
manufacturer  shall  verify  by  certification  to  the  qualifying  activity  that  the 
manufacturer's  product  complies  with  the  requirements  of  this  specification. 
The  time  of  periodic  verification  by  certification  shall  be  In  two-year 
intervals  from  the  date  of  original  qualification.  The  Government  reserves 
the  right  to  re-examine  the  qualified  product  whenever  deemed  necessary  to 
ensure  that  the  product  continues  to  meet  any  or  all  of  the  specification 
requirements. 


4-5  First  article  Inspection.  The  manufacturer  shall  submit  to  the 
qualifying  laboratory  (see  4.4.1)  a  4.54-kg  (10.0-lb.)  sample  of  grease  taken 
from  the  first  production  lot  of  grease  processed  under  the  first  contract  or 
order,  after  the  product  has  passed  the  qualification  Inspection  (see  6.3). 

The  tests  shall  be  limited  to  the  requirements  of  3.4  and  3.7  and  the  test 
methods  of  4.7.2.  Delivery  of  the  grease  shall  not  be  delayed  pending 
completion  of  testing  on  the  first  article  sample  by  the  qualifying  laboratory. 
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TABLE  II.  Inspection  methods. 


Method 


Dropping  point 


Worked  penetration 

Corrosiveness  (copper  strip) 

Oxidation  stability 

Water  resistance 

High  temperature  performance 

Evaporation 

Oil  separation 

Load  carrying  capacity 

Rubber  swell  U 

Low  temperature  torque  2/ 

Steel  on  steel  wear 

Worked  stability 

Rust  preventive  properties 

Gear  wear 

Oscillation: 

Friction  and  wear  3/ 

Storage  stability  4/ 

Friction  coefficient  5/ 

Frictional  heating  5/ 


0  2265 
D  217 
D  4048 
D  942 
D  1264 
D  3336 
0  2595 


0  2596 


D  1478 
0  2266 


D  1743 


-  ■  I 

''’thin  6  months  of  date  of  manufacture 
skidding  or  ball  sliding  shall  be  made  during  test  run 
Tests  shall  be  conducted  In  accordance  with  4.7.3  through  4  7  3  7 

?  *  3;c  <100«  ±  5-F)  to  be  maintained  for  6  iwnths.  After 

b^ftoJ^d^it  38"  r3"?(100""!*Sn°5’  “I!!??!?®'’  penetration  sample  shall 

chaii  38  *  3  C  (100  ±  5  F)  for  an  additional  6  months.  The  sample 

anH  covered  In  such  fashion  to  provide  an  air  space  above  the  grease 
thJii  fSirh"*  *he  surface  of  the  grease  from  being  disturbed.  The^sample 
t5J1I  Jhfn^k  Pi^esence  of  crystalline  material.  ^ 

Tests  shall  be  conducted  In  accordance  with  4.8  through  4. 8. 2.1. 

D-71 


oTMtion  Handling  Services^  DGOSTD  Issue  SV-OU. 


l1IL>6-ai3SSE  11  ■  ‘JR'mot  □50]i3'!3  2 
MIL-G-81322E 

TABLE  III.  Quality  conformance  tests. 

Inspection  Paraora 

- — _ _ _ _ Requirement  _ 

Odor  3  4 

3.4 

Dropping  point  3.4 

Worked  penetration  3.4 

Corrosiveness  (copper  strip)  3,4 

Evaporation  3.4 

Oil  separation  '  3.4 

Load  carrying  capacity  3.4 

Low  temperature  torque  3.4 

Steel  on  steel  wear  3.4 

Worked  stability  3.4 

Examination  of  filled  containers  5.1 

Workmanship  37 


Para 

qulrement 

graph 

Test  Method 

3.4 

«... 

3.4 

4.7.2 

3.4 

4.7.2 

3.4 

4.7.2 

3.4 

4.7.2 

3.4 

4.7.2 

3.4 

4.7.2 

3.4 

4.7.2 

3.4 

4.7.2 

3.4 

4.7.2 

3.4 

4.7.2 

5.1 

4.7.1 

3.7 

— 

Quality  conformance  Inspection.  The  quality  conformance  Inspection  of 
the  grease  shall  consist  of  tests  of  samples  from  4. 6. 2. 2  In  accordance  with 
Table  III  and  an  examination  of  samples  from  4.6.2. 1  for  conformance  with 
4.7.1.  Samples  shall  be  labeled  completely  with  the  Information  Identifying  the 
purpose  of  the  sample,  name  of  product,  specification  number,  lot  and  batch 
number »  date  of  sampling  and  contract  number. 

Lot  formation.  A  lot  shall  consist  of  all  the  grease  produced  by 
one  manufacturer,  at  one  plant,  from  the  same  materials  and  under  essentially 
the  same  conditions,  provided  the  operation  Is  continuous  and  does  not  exceed  a 
24-hour  period.  In  the  event  the  process  Is  a  batch  operation,  each  batch  shall 
constitute  a  lot  (see  6.8>. 

4.6.2  Sampling. 

4.6.2. 1  for  examination  of  filled  containers.  A  random  sample  of  filled 
containers,  fully  prepared  for  delivery,  shall  be  selected  from  each  lot  of 
grease  In  accordance  with  MIL-STD-105,  Inspection  level  I  with  acceptable 
quality  level  (AQL)  of  2.5  percent  defective. 
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/n  ft  For  tests.  The  sample  for  tests  shall  consist  of  two  2.27-kg 

nf’nriaei  gfcase,  taken  at  random  from  filled  containers  of  each  lot 

ft^iK^t*  obtain  grease  in  large  containers,  two  2.27-kg 

«ha?7  accordance  with  ASTM  0  4057.  One  sample 

rStI  ned  ^  if®J  Scf*  specified  In  4.7.2;  the  other  sample  shall  be 

test!  fSeclffpri  fn  2  7  9“  requirements  of  any  of  the 

specified  In  4.7.2,  the  test  In  question  shall  be  repeated  using  the 

Je2S  1^‘^fanE  tA  The  lot  shall  be  unacceptable  If  the  average  of  both  test 
results  falls  to  comply  with  requirements  specified  In  4.7.2. 

Methods  of  examinations  and  tests. 

‘  To  ensure  conformance  with  5.1,  each  filled 
5®^®'^?®'*  accordance  with  4.6. 2.1,  shall  be  examined  for  defects  In 
io?  closure,  and  marking.  Each  sample  container  shall  also  be 

weighed  to  determine  the  amount  of  the  contents.  If  the  number  of  defective 
conta1n®rs  exceeds  the  acceptance  number  of  the  sampling  plan  specified  in 
the  lot  shall  be  rejected. 

4  7  accordance  with  Table  II  and 

In  3.4.  ^  4. 7. 3. 7  to  determine  conformance  with  the  requirements  specified 

4.7.3  Oscillation  -  friction  and  wpar  test. 


4. 7. 3.1 


The  apparatus  used  consists  of  the  following: 


a.  Falex  model  number  1  ring  and  block  test  machine,  or  equivalent, 
equipped  with  an  oscillatory  drive  mechanism,  load  cell 
transducer  and  a  transducer  amplifier/indicator  (see  6.6), 

calibration  (precision 

c.  Analytical  balance,  capable  of  weighing  to  the  nearest  0.1  mg. 

stee/aMM?qlf2nri^hL.  I‘’h  ‘’®  "'®‘^®  SAE/AISI  4620  alloy 

cA!?i  u  ^  and  have  a  hardness  (Rockwell)  of  58  to  63  HRC.  The  rina 

shall  have  a  ground  face  width  of  8.15  ±  0.13  mm  (0.321  ±  0.005  In  )  and  a 

::  ^I'®  ®«®"tr1c1ty  beLen  tSe  liS;?  JSS  outer 

rlM  shall  hL5  a  outside  diameter  of  the 

ring  shall  have  a  finished  surface  of  0.10  to  0.38  urn  (5.0  to  15  0  uln  )  roof 

mean  square  (rms).  In  the  direction  of  the  motion.  ^  ^ 

4. 7.3.3  Test  block.  The  test  block  shall  be  made  of  cooner  allov 

ds  Toiiows.  6.35  mm  (0.25  In.)  wide  and  15.70  ±  0.13  mm  (0  +  n  nnt;  in  i 

The^bloIk*shal?^h  ^^411  be  10.16  ±  0.05  mm  (0.400  ±  0.002  In.) 

The  block  shall  have  a  hardness  (Rockwell)  of  85  to  91  HRB.  Each  block  shall 

ha«  a  tast  surface  polished  to  a  flolsh  of  0.1  to  o.a  piT  e  S  o  5 
being  perfectly  square  with  all  outside  edges.  ^  ‘ 

4.7.3.4  ^llbratlon  of  apparatus.  The  apparatus  shall  be  calibrated  in 

accordance  wltiTASTM  D  2714.  canorateo  in 
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4. 7. 3. 5  Reagents.  The  reagents  used  are: 

a.  Heptane  (ACS  grade). 

b.  Methyl  ethyl  ketone  conforming  to  ASTM  D  740. 

c.  Petroleum  spirits  conforming  to  ASTM  D  235. 

4. 7. 3. 6  Preparation  of  apparatus.  Before  each  test,  thoroughly  clean  the 
specimen  holder,  threaded  section,  locknut  and  lockwasher.  The  heptane  shall  be 
used  as  the  cleaning  agent  and  methyl  ethyl  ketone'  as  the  rinse.  A  new  test 
ring  and  block  shall  be  used  for  each  test.  Each  test  ring  and  block  shall  be 
cleaned  for  each  test,  using  the  following  procedure: 

a.  Immerse  In  petroleum  spirits  and  scrub  with  lint-free  cloth. 

b.  Rinse  In  a  second  bath  of  petroleum  spirits. 

c.  Suspend.  In  the  vapor  of  boiling  heptane  for  30  seconds. 

d.  Immerse  In  boiling  methyl  ethyl  ketone  for  30  seconds. 

e.  Allow  part  to  drip  dry. 

f.  When  part  has  dried,  suspend  It  In  vapor  of  boiling  heptane  for 
30  seconds. 

g.  Allow  part  to  air  dry. 

h.  Weigh  each  test  ring  and  block  to  the  nearest  0.1  mg. 

1.  Store  specimens  In  desiccator  until  ready  to  use. 

Lubricate  the  quarter  segment  of  the  specimen  holder  and  the  threaded  section 
with  grease  conforming  to  MIL-G-23549.  Apply  the  grease  to  be  tested  to  the 
test  ring  surface,  ensuring  that  the  entire  wear  surface  Is  completely  covered 
with  test  grease.  Mount  the  test  block  In  the  quarter  segment  (clean, 
lint-free,  cotton  gloves  should  be  used  In  handling  the  specimens)  and  position 
both  In  the  specimen  holder,  ensuring  that  the  quarter  segment  and  block  are 
securely  positioned  In  the  cylindrical  slot.  While  holding  the  test  block 
mount,  tighten  to  28.2  N-m  (250  In-lb),  using  a  torque  wrench.  Apply  additional 
test  grease  to  the  area  of  the  test  block  which  overlaps  the  ring  on  both  sides 
of  the  block.  Place  a  454-g  (1.0-lb.)  weight  In  position  on  the  bale  rods. 

Align  the  two  reference  markers  by  adjusting  the  turnbuckle  on  the  friction 
rod.  Tighten  locknuts  on  the  turnbuckle.  Position  the  friction  force  cut-off 
such  that  the  level  Is  set  to  177.9  Newtons  for  a  maximum  coefficient  of 
friction  of  0.44.  Adjust  the  amplitude  of  oscillation  for  a  90  degree  arc. 

4. 7. 3. 7  Procedure .  With  the  revolution  counter  set  to  zero,  start  machine 
and  adjust  the  oscillating  speed  to  87.5  cycles  per  minute  (cpm),  ensuring  that 
the  reference  markers  are  aligned.  When  60  cycles  Is  reached,  add  a  454-g 
(1.0-1b.)  weight.  When  120  cycles  Is  reached,  add  another  454-g  (1.0-lb.) 
weight.  Run  this  test  for  35,000  cycles  or  until  failure,  due  to  excessive 
friction  (cut-off  coefficient  of  friction  of  0.44),  Is  encountered.  After 
reaching  35,000  cycles,  dismount  and  clean  test  block.  Measure  wear  scar  width. 
In  accordance  with  ASTM  D  2714.  The  maximum  width  of  wear  scar  shall  be  In 
accordance  with  Table  I. 
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4-8  Friction  coefficient  and  frictional  heating. 


4,8.1  Appar; 
of  the  following: 


The  apparatus  used  for  this  test  (see  Figure  1)  consists 


a.  The  phenolic  sample  consists  of  material  conforming  to  MIL-P-5431. 
with  the  modifications  specified  In  MPR  400.  The  phenolic  sample  Is 
affixed  to  a  motor-driven  table  capable  of  rotating  at  3600 
revolutions  per  minute  (rpm). 

b.  The  aluminum  specimen  consists  of  material  conforming  to  alloy 
7075-T6,  with  a  Brinnel  hardness  of  150  Hg.  The  aluminum  specimen 
remains  stationery  and  is  fitted  Into  a  larger  brass  fixture.  The 
aluminum  specimen  Is  diagramed  In  Figure  2.  Grease  grooves  are  cut 
Into  the  surface  of  the  aluminum  specimen  and  the  sides  of  the  inner 
cavity  of  the  phenolic  disk  are  sloped  toward  the  Interface  to  ensure 
a  flow  of  grease  to  the  Interface  area  of  the  aluminum  and  phenolic 
test  pieces  (see  Figures  2  and  3). 

c.  A  thermocouple,  located  1.6  nun  from  the  sliding  Interface  within  the 
aluminum  specimen.  Is  used  to  measure  the  near-interface  temperatures. 


4.8.2  Procedure.  A  constant  volume  of  grease  Is  to  be  packed  Into  the 

^see  Figure  1)  and  a  light  coating  of  grease  is  to  be  applied  to  the 
Sliding  surfaces  of  both  the  aluminum  and  phenolic  test  pieces  prior  to  all 
Msting.  The  test  pieces  are  then  brought  together  and  the  test  begun.  The 

Initiated  with  the  rotating  table  and  phenolic  test  piece  being  rotated 
at  3600  rpm  with  no  applied  load.  The  load  Is  then  applied  and  Incrementally 
Increased  every  60  seconds.  38.6-k1 lopascal  (kPa)  at  a  time,  until  a  maximum 
load  of  546-pa  Is  achieved.  The  sliding  speed^for  the  test  is  5.54  meters  per 
second  and  the  average  contact  stress  Is  581  inm2. 


4.8.2. 1  After  the  maximum  contact  load  of  546-kPa  Is  achieved,  the 
rotation  Is  stopped  and  the  system  Is  allowed  to  cool  to  room  temperature. 

After  cooling,  a  pw  supply  of  grease  Is  Injected  Into  the  cavity  through  the 

sequence  Is  repeated.  This  sequence  Is  repeated- 
until  the  total  number  of  test  sequences  Is  three  (3).  Using  the  thermocouple, 
the  system  temperature  Is  to  be  continuously  monitored  during  the  test.  The 
maximum  allowable  frictional  heating  value  is  listed  In  Table  I.  The  friction 
coefficlep  Is  determined  by  measuring  the  friction  force  caused  by  the  torque 
arm  and  dividing  that  by  the  normal  load.  The  maximum  allowable  friction 
coefficient  Is  listed  In  Table  I. 


5.  PACKAGING 

5*^  Packaging  and  packing.  The  grease  shall  be  packaged  and  packed  In 
accordance  with  MIL-STD-290.  The  type  and  size  of  the  containers  and  the 
level  of  packaging  and  packing  shall  be  as  specified  by  the  procuring  activity 
(see  6.2). 

5.1.1  Marking.  All  unit.  Intermediate  and  shipping  containers  shall  be 
marked  n  accwdance  with  MIL-STD-290.  Any  additional  special  marking  shall  be 
as  specmed  by  the  procuring  activity  (see  6.2).  All  unit  and  Intermediate 
packs  of  toxic  and  hazardous  chemicals  and  materials  shall  also  be  labeled  In 
Mcordpce  wUh  the  applicable  laws,  statutes,  regulations,  and  ordinances, 
ncluding  federal,  state,  and  municipal  requirements.  In  addition,  unit  and 
intermediate  containers.  Including  unit  containers  that  serve  as  shipping 
containers,  such  as  palls  and  drums,  shall  be  marked  with  the  applicable 
precautionary  Information  detailed  In  ANSI  Z129.1. 
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6.  NOTES 


In^'ormation  of  a  general  or  explanatory  nature  that  may 
oe  helpful,  but  Is  not  mandatory). 

greases  covered  by  this  specification  are  Intended 
lubricating  greases  in  applications  where  the  operating  temperatures 
foi  1*1!^  ^  (-65*  and  350*F).  Grade  A  Is  specifically  designed 

for  aircraft  wheel  bearings  In  Internal  brake  wheel  assemblies,  anti-friction 

‘>«ar1ngs.  Grade  B  is  specifically  formulated 
4^^*  lubrication  of  aircraft  arresting  gear  sheave  spacers  and  other 

equipment  that  operate  under  high  contact  loads  and  high  sliding  speeds. 

6.2  Ordering  data. 

following-  requirements.  Acquisition  documents  should  specify  the 

a.  Title,  number,  and  date  of  this  specification. 

b.  Issue  of  MDISS  to  be  cited  In  the  solicitation  and,  1f  required, 
the  specific  Issue  of  Individual  documents  referenced  <see  2.1 
and  2.2). 

c.  Grade  of  grease  desired  (A  or  B> 

d.  Quantity  desired  (In  kilograms). 

e.  Whether  first  article  inspection  Is  required  (see  3.2  and  4.5). 

f.  Type  and  size  of  the  container  (see  5.1). 

g.  Applicable  levels  of  packaging  and  packing  (see  5.1). 

>■.,,...1®'^  Q^^l^^],cat1on.  With  respect  to  products  requiring  qualification. 

only  for  products  which  are.  at  the  time  set  for  opening  of 
(OPL'R?wl^^!h  Ih'^  Inclusion  In  the  applicable  Qualified  Products  List 
H?tn  whether  or  not  such  products  have  actually  been  so  listed  by  that 

attention  Is  called  to  this  requirement.  Manufacturers 
arrange  having  the  products  they  propose  to  offer  to  the  Government 
^  5*^4°?’  eligible  for  award  of  contract(s) 

specification.  The  activity 
Products  List  Is  the  Commander.  Naval  Air  Systems 
Command,  AIR-5304,  Department  of  the  Navy,  Washington,  DC  20360;  however 
nformatlon  pertaining  to  qualification  of  products  and  letter  of  authorization 
for  submittal  may  be  obtained  from  the  Commander,  Naval  Air  Warfare  Center, 

i?»>*"'ll|ster.  Aircraft  and  Crew  Systems  Technology  Directorate. 

18974.  In  the  event  that  the  grease  furnished  under 
*  found  to  deviate  from  the  composition  of  the  approved  product,  or 
ho  1^0  P^^fo™  satisfactorily,  approval  of  such  products  will 

be  subject  to  Immediate  withdrawal  from  the  Qualified  Products  List. 

Mill  'ho\o^Ia\n!i*^k^^i.i  article  Inspection  Is  required,  the  Item 

will  be  tested  and  should  be  a  sample  selected  from  the  first  production  lot. 

The  first  article  should  consist  of  a  4.54-kg  (10. 0-lb.)  sample  of  grease.  The 

Include  specific  Instructions  for  examinations,  tests 
and  approval  of  the  first  article. 

Standard  rubber  samples.  Samples  of  the  standard  synthetic  rubber 
NBR-L  for  the  test  specified  in  Table  It  may  be  obtained  from  Wynn's  Precision 
Company,  708  West  22nd  Street.  Tempe,  AZ  85282. 
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,  .  .f'®.  Mrce  for  Falex  test  machine.  The  Falex  model  number  1  ring 
machine  (see  4. 7. 3.1)  Is  available  from  Falex  Corporation, 

2055  Comprehensive  Drive,  Aurora,  IL  60505. 

7  International  standardization  agreements.  Certain  provisions  of  this 
fnrfll  ;P  are  the  subject  of  International  standardization 

agreement,  ASCC  Air  Standard  15/1,  and  NATO  STANAG  NAT-.STD-1135.  When 

^"cellatlon  of  this  specification  Is  proposed,  which 
will  modirj^  the  international  agreement  concerned,  the  preparing  activity  will 
take  appropriate  action  through  International  standardization  channels, 
including  departmental  standardization  offices,  to  change  the  agreement  or  make 
other  appropriate  accommodations. 

^  quantity  of  material  which  has  been 

chemical  process  and  subjected  to  some  physical  mixing 
operation  Intended  to  make  the  final  product  substantially  uniform/ 

6*9  Subject  term  (keyword)  listing. 

Lubricant 

High  melt  point 

Wide  temperature  range 

"^n^becs.  Part  numbers  for  cataloging  purposes  under  this 
specification  are  coded  as  follows: 

M81322E  -  Y 


Specification 

Identifier 


Grade  A 
Grade  B 


Contracting  officers  will 

activities  requiring  copies  of  completed  MSDS  (see  3.6).  The 
AppendlJcVorFED^STD^sn  addresses  for  submission  of  data  are  listed  In' 

+.V  Ch.anges  from  previous  issue.  Asterisks  are  not  used  In  this  revision 

of  thrJhIngeJ*"®”  “  ***  respect  to  the  previous  Issue  due  to  the  extensiveness 


Custodians: 

Army  -  ME 
Navy  -  AS 
Air  Force  -  11 

Review  activities: 

Army  -  AR,  AV,  EA,  MI 
Navy  -  OS,  SH 
Air  Force  -  68 
DLA  -  GS 

International  interest: 
NATO  (see  6.7) 


Preparing  Activity: 
tiavy  -  AS 

Project  No.  9150-1002 
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Load 


Grease  fitting 


Brass  fixture 


Aluminum  specimen 
(stationary) 


Rotating  table 
(3600  rpm) 


FIGURE  1.  itest  apparatus. 
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NOTE; 

DIMENSIONS  ARE  IN  MILLIMETERS. 
TOLERANCES  ±.13  UNLESS 
OTHERWISE  SPECIEIED 
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MIL-H-83282C 
INTERIM  AMENDMENT  1 
31  JANUARY,  1997 


MILITARY  SPECMCATION 

HYDRAUUC  FLUE),  FIRE  RESISTANT,  SYNTHETIC  HYDROCARBON  BASE, 
METRIC,  NATO  CODE  NUMBER  H-537 

This  interim  amendment  is  approved  for  use  witlun  the  Naval  Air  Systems  Command, 
Department  of  the  Navy,  with  MIL-H-83282C.  dated  25  March  1986,  and  is  available 
for  use  by  all  Departments  and  Agencies  of  the  Department  of  Defense. 

PAGEl 

Bottom  of  page:  DELETE  the  ‘Beneficial  comments’  block  and  SUBSTITUTE  the  foUovring: 

Benefidal  comments  (recommendations,  additions,  deletions}  and  any  pertinent  data  which  may  be 
of  use  in  improving  this  document  should  be  addressed  to:  Commander,  Naval  Air  War&re  Center 
Aircraft  Division,  Code  414100  B120-3,  Highway  547,  Lakehurst,  NJ  08733-5100,  by  using  the 
self-addressed  Standardization  Document  Improvement  Proposal  (DD  Form  1426)  appearing  at  the 
end  of  this  document  or  by  letter. 


PAGE  2 

2.1.1.  DELETE  FEP-S  1'L>-3  1 3  -  Material  Safety  Data  Sheets,  Preparation  and  Submission 
of’  and  SUBSTITUTE  “TED-STD-S 13  -  Material  Safety  Data,  Transportation  Data  and 
Disposal  Data  for  Hazardous  Materials  Furrushed  to  Government  Acti'wties.” 

2.1.1.  DELETE  MIL-STD-105  -  Sampling  Procedures  and  Tables  for  Inspection  by  Attributes.” 

2.1.1,  just  above  2.1.2,  ADD  “(Unless  otheiwnse  indicated,  copies  of  specifications,  standards  and 

handbooks  are  av^able  fi-om  the  Standardization  Documents  Order  Desk,  Building  4D, 
700  Robbins  Avenue,  Philadelphia,  PA  191 1 1-5094.)” 


AMSCN/A  I  of  6  FSC9150 

DISTRIBUTION  STATEMENT  A-  Approved  for  public  release;  distribution  is  unlimited. 
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MIL-H-83282C 
INTERIM  AMENDMENT  1 

PAGE  3 


2.2.  ADD; 

‘‘ASTM-D4898  -  Insoluble  Contamination  of  Hydraulic  Fluids  by  Gra\dmetric  Analysis, 
Standard  Test  Method  for 

ASTM-D5 1 85  -  Determination  of  Additive  Elements,  Wear  Metals,  and  Contanunants 

in  Used  Lubricating  Ofls  by  Inductively  Coupled  Plasma  Atomic 
Emistion  Spectrometry,  Standard  Test  Method  for.” 

2.2,  DELETE  the  street  address  for  the  American  Society  for  Testing  and  Materials  and 
SUBSTITUnrE  “100  Barr  Harbor  Drive,  West  Conshohocken,  PA,  19428-2959.” 

2.2,  ADD: 

“AMERICAN  SOCIETY  FOR  QUALITY  CONTROL 

ASQC  Z1 .4-  Sampling  Procedures  and  Tables  for  Inspection  by  Attributes 
(DoD  Adopted) 

(Applications  for  copies  should  be  addressed  to  American  Society  for  Quality  Control,  61 1 
East  >Msconsin  Avenue,  Milwaukee,  WI  53202.)” 

PAGE? 

4.3.1,  line  16  and  17:  DELETE  “Aircraft  and  Crew  Systems  Technology  Directorate, 

Code  60612,  Naval  Air  Development  Center,  Warminster,  PA  18974,”  and  SUBSTITUTE 
“Con^der,  Attn:  Code  4.3.4. 1  Building  21 88,  Naval  Air  War&ie  Center  Aircraft 
Di\dsion,  22347  Cedar  Point  Road,  Unit  6,  Patuxent  River  MD  20670-1 161” 


4.3.1;  DELETE  and  SUBSTITUTE; 

Qualification  sample.  The  qualification  test  sample  shall  consist  of  two  1-gallon 
containers  of  the  finished  fluid,  two  quarts  of  the  base  stock  without  additives,  two  quarts  of 
Ae  blending  fluids  used,  ei^t  ounces  of  the  anti-wear  additive,  one  ounce  of  the  oxidation 
inhibitor  and  one  ounce  each  of  any  adcfitional  additives  used  in  the  finished  fluid.  In  the 
event  that  the  additives  are  supplied  as  concentrated  solutions,  an  equivalent  quantity  of  tiie 
solution  shall  be  fiimished.  Upon  receipt  of  authorization  (see  6.3)  fi-om  theCommander, 
Attn:  Code4.3.4.1  Building  2188,  Nai^  Air  War&^e  Center  -  Aircraft  Division,  22347 
Cedar  Point  Road,  Urut  6,  Patuxent  River  MD  20670-1 161  to  subnut  samples  for 
qualificatiOT  testing,  samples  shall  be  forwarded  as  directed.  The  samples  diaU  be 
accompaiued  by  a  test  report  from  the  manufacturer  or  a  commercial  laboratory  r/mtaining 
complete  information  as  to  the  source  and  type  of  base  stock  and  additive  materials  used,  the 
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MIL-H-83282C 
INTERIM  AMENDMENT  1 

formulation  and  composition  of  the  finished  fluid,  and  laboratory  data  showing  quantitative 
results  of  all  the  tests  required  by  this  specification,  excq>t  storage  stability.  Separate 
qualification  inspections  shall  be  required  for  each  base  stock  used.  A  material  safety  data 
sheet  shall  accompany  the  samples  being  submitted  for  test  Samples  shaU  be  identified  as 
follows; 

•  Sample  for  qualification  inspection 

•  HYDRAULIC  FLUID,  FIRE  RESISTANT,  SYNTHETIC  HYDROCARBON 
BASE,  METRIC,  NATO  CODE  NUMBER  H-537 

•  Name  of  ingredient  (for  ingredient  material) 

•  Name  of  manufacturer 

•  Product  code  number 

•  Date  of  manufacture 

•  Submitt^  by  (name)  and  (date)  for  qualification  inspection  in  accordance  wth 
the  requirements  of  M1L-H-83282C  under  authorization  of  (reference 
authorizing  letter)  (see  6.3).” 

PAGE  8 

4.4,  line  8, 4.4.4,  line  3,  and  4.4.5,  line  4:  DELETE  “MIL-STD-105”  and  SUBSTITUTE 
“ASQCZ1.4.” 

PAGE  14 

6.3,  line  10;  DELETE  “AIR-5304C2,  Department  of  Navy,  Washington,  DC  20361 "  and 
SUBSTITUTE  “AIR-4.3.4,  Arlington,  VA  22243.” 

6.3,  lines  13  and  14:  DELETE  “Aircraft  and  Crew  Systems  Technology  Directorate, 

^de  60612,  Naval  Air  Development  Center,  Warminster,  PA  18974,"  and  SUBSTITUTE 
“Cornmander,  Attn;  Code  4.3.4.1  Building  2188,  Naval  Air  Warfere  Center  -  Aircraft 
Division,  22347  Cedar  Point  Road,  Unit  6,  Patuxent  River  MD  20670-1 161 

6.4:  DELETE  and  SUBSTITUTE  “6.4  Standard  rubber  samples.  Sarrqrles  of  the  standard 
tynthetic  rut^  NBR-L  (see  3.3.4)  for  the  test  specified  in  table  Vm  may  be  obtained  fiom 
Wyiui's  Precision  Company,  708  West  22nd  Street,  Tempe.  AZ  85282.” 
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MIL-H-83282C 
INTERIM  AMENDMENT  1 

PAGE  16 


TABLE  n,  ADD  the  following  entry: 


Characteristic 

Requirement 

'riTii'rrf'Ti’ffunriiM^B 

10 

PAGE  18 


TABLE  VI,  ADD  the  following  entry: 


Inspection 

Paragraph 

Requirement 

Test  method 

Barium  content 

3.3 

4.5.2 

PAGE  19 


TABLE  Vm,  DELETE  entry  for  “Solid  particle  contamination”  and  SUBSTTfUTE  the 
following: 


Characteristic 

Test  method  | 

FED-STD-791 

ASTM 

Solid  partide  contamination 

D4898  2/ 

Barium  Content 

— 

D5185 

PAGE  20 

TABLE  vm.  footnote  2/:  DELETE  and  SUBSTITUTE:  For  ASTM-D4898,  a  single  0.45 

micron,  cellulose  membrane  filter  shall  be  used.  Particle  contamination  may  also  be 
measured,  following  FED-STD-791,  Method  3012,  using  an  automatic  particle  counter 
capable  of  measuring  the  limits  defined  in  table  10;  the  HIAC/ROYCO  brand,  modd  801 1, 
has  been  found  capable  of  measuring  these  limits.”  * 

PAGE  26 

DELETE  DP  Form  1426,  “Standardization  Document  Improvement  Proposal,”  and 
SUBSTITUTE  the  form  on  the  last  page  of  this  amendment. 
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The  mar^ns  of  this  amendment  are  marked  with  an  asterisk  to  indicate  where  changes  (additions, 
modif  cations,  corrections,  ddetions)  from  the  previous  amendment  were  made.  This  was  done  as 
a  convenience  only  and  the  Government  assumes  no  liability  wdiatsoever  for  any  inarmminA«f  jn 
these  notations.  Bidders  and  contractors  are  cautioned  to  evaluate  the  requirements  of  this 
document  based  on  the  entire  content  irrespective  of  the  marginal  notations  and  relationship  to  the 
last  preMous  amendment. 


Preparing  activity: 

Navy- AS 

(Project  No.  9150-N830) 
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MIL>H-83282C 
25  March  1986 
SUPERSEDING 
MIL-H-83282B 
10  February  1982 


MILITARY  SPECIFICATION 

HYDRAULIC  FLUID.  FIRE  RESISTANT. 

SYNTHETIC  HYDROCARBON  BASE.  AIRCRAFT.  METRIC. 

NATO  CODE  NUMBER  H-537 

This  specification  Is  approved  for  use 
by  all  Departments  and  Agencies  of  the 
Department  of  Defense* 

1 .  SCOPE 

1.1  Scope .  This  specification  covers  the  general  requirements  for  a 
synthetic  hydrocarbon  base  hydraulic  fluid  for  use  In  the  -40*to  +205*C 
temperature  range  In  aircraft  and  missile  hydraulic  systems.  The  fluid  Is 
also  used  In  airborne  engine  compressors  and  related  equipment.  This 
hydraulic  fluid  Is  Identified  by  NATO  Code  Number  H-537  (see  6.5). 

2.  APPLICABLE  DOCUMENTS 

2.1  Government  documents. 

*  2.1.1  Specifications  and  standards.  The  following  specifications  and 
standards  form  a  part  of  this  specification  to  the  extent  specified  herein. 
Unless  otherwise  specified,  the  Issues  of  these  documents  shall  be  those 
listed  In  the  Issue  of  the  Department  of  Defense  Index  of  Specifications  and 
Standards  (DOOISS)  and  supplement  thereto,  cited  In  the  sollcatlon. 

SPECIFICATIONS 

FEDERAL 


TT-T-656  -  Tricresyl  Phosphate. 

PPP-C-96  -  Can,  Metal,  28  Gage  and  Lighter. 


Beneficial  comments  (recommendations,  additions,  deletions)  and  any  pertinent 
data  which  may  be  of  use  in  Improving  this  document  should  be  addressed  to: 
Systems  Engineering  and  Standardization  Department  ((^de  93),  Naval  Air 
Engineering  Center,  Lakehurst,  NJ  08733-51  (X),  by  using  the  self-addressed 
standardization  Document  Improvement  Proposal  (DD  Form  1426)  appearing  at  the 

end  of  this  document  or  by  letter. _ _ 

AMSC-N/A  FSC  9150 


DISTRIBUTION  STATEMENT  A.  Approved  for  public  release;  distribution  is  unlimited. 


Hindi  ing  Seruices.  OQDSID  Issui  97^. 
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SPECIFICATIONS  (continued) 


MIUTARY 

MIUH-5606 

STANDARDS 

FEDERAL 


Hydraulic  Fluid,  Petroleum 
Missile,  and  Ordnance. 


Base,  Aircraft, 


FEO-STD-313 

FEO-STD-791 

MILITARY 


Material  Safety  Data  Sheets,  Preparation  and 
Submission  of. 

Lubricant,  Liquid  Fuel  and  Related  Products. 
Methods  of  Testing. 


MIL-STD-105 

MIL-STD-290 


Sampling  Procedures  and  Tables  for  Inspection 
by  Attributes. 

Packaging  of  Petroleum  arid  Related  Products. 


*  Other  Government  publications.  The  following  other  Government 

specification  to  the  extent  specified 


PUBLICATIONS 

CODE  OF  FEDERAL  REGULATIONS 
49  CFR  -  Transportation. 

(AppHcation  for  copies  should  be  addressed  to  the  Superintendent  of 
Documents,  Government  Printing  Office,  Hashington,  DC  20402.) 

specifications,  standards,  handbooks,  drawings,  and  publications 
connection  with  specific  acquisition  functions 
cwtJJctinfJfficer!)®"  ^  ®  ^‘^‘lulsltion  activity  or  as  directed  by  the 

The  following  documents  form  a  part  of  this 
specification  to  the  extent  specified  herein.  Unless  otherwise  soecified  the 
issues  of  the  documents  which  are  DoD  adopted  shall  be  those  listed  in  the 
issue  of  the  DWISS  specified  in  the  solicatlon.  Unless  otherwise  specified 
the  issues  of  documents  not  listed  in  the  DODISS  shall  be  the  issue  of  the  ‘ 
nongovernment  documents  which  Is  current  on  the  date  of  the  solicatlon. 
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AMERICAN  NATIONAL  STANDARDS  INSTITUTE  (ANSI) 

ANSI  Z129.1  -  American  National  Standard  for  the  Precautionary 

Labeling  of  Hazardous  Chemicals. 

(Application  for  copies  should  be  addressed  to  the  American  National 
Standards  Institute,  1430  Broadway.  New  York,  NY  10018.) 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM) 

ASTM  D  92  -  Flash  and  Fire  Points  by  Cleveland  Open  Cup. 

ASTM  D  97  -  Pour  Point  of  Petroleum  Oils. 

ASTM  D  445  -  Kinematic  Viscosity  of  Transparent  and  Opaque 

Liquids  (and  the  Calculation  of  Dynamic  Viscosity). 

ASTM  D  664  -  Neutralization  Number  by  Potentlometric  Titration. 

ASTM  D  892  -  Foaming  Characteristics  of  Lubricating  Oils. 

ASTM  D  1298  -  Density,  Relative  Density  (Specific  Gravity),  or 

API  Gravity  of  Crude  Petroleum  and  Liquid 
Petroleum  Products  by  Hydrometer  Method. 

ASTM  D  1500  -  ASTM  Color  of  Petroleum  Products  (ASTM  Color  Scale). 

ASTM  D  1744  -  Water  In  Liquid  Petroleum  Products  by  Karl  Fischer 
Reagent. 

ASTM  D  4172  -  Near  Preventive  Characteristics  of  Lubricating 
on  (Four-Ball  Method). 

ASTM  D  4057  -  Manual  Sampling  of  Petroleum  and  Petroleum  Products. 

ASTM  D  4177  -  Automatic  Sampling  of  Petroleum  and  Petroleum  Products. 
ASTM  E  659  -  Autoignition  Temperature  of  Liquid  Chemicals. 

ASTM  F  313  -  Insoluble  Contamination  of  Hydraulic  Fluids  by 

Gravimetric  Analysis. 

(Application  for  copies  should  be  addressed  to  the  American  Society  for 
Testing  and  Materials,  1916  Race  Street.  Philadelphia.  PA  19103.) 

Aerospace  Material  Specifications  (AMS) 

AMS  3217/2  -  Test  Slabs,  Acrylonitrile  Butadiene  (NBR-L),  Low  Acrylonitrile, 
65-75. 

(Applications  for  copies  should  be  addressed  to  Society  of  Automotive 
Engineers,  400  Commonwealth  Dr.,  Narrendale,  PA.  15096.) 

*  (Nongovernment  standards  and  other  publications  are  normally  available  from 
the  organizations  which  prepare  or  which  distribute  the  documents.  These 
documents  also  may  be  available  In  or  through  libraries  or  other  Informational 
services.) 

•  2.3  Order  of  precedence.  In  the  event  of  a  conflict  between  the  text  of 
this  specification  and  the  references  cited  herein,  (except  for  associated 
detail  specifications,  specification  sheets  or  MS  standards),  the  text  of  this 
specification  shall  take  precedence.  Nothing  In  this  specification,  however, 
shall  supersede  applicable  laws  and  regulations  unless  a  specific  exemption 
has  been  obtained. 


REQUIREMENTS 


3.1  Qualification.  The  hydraulic  fluid  furnished  under  this  specificaton 
shall  be  products  which  are  qualified  for  listing  on  the  applicable  qualified 
products  list  at  the  time  set  for  opening  of  bids  (see  4.3  and  6.3).  Any 
change  In  the  formulation  of  an  approved  product  shall  require 
requal If 1  cation. 

D-88 


InforaatioR  Hwdline  SeruicK,  OODSTD  Issue 


MIL-H-fi32fl2C  *11  ■  Tl'mot  0111222  6  ■ 
WIL-H-83282C 


3.2  Materials.  The  materials  used  In  formulating  the  hydraulic  fluid 
shall  consist  of  a  synthetic  hydrocarbon  base  stock  (see  3.2.1),  and  shall 
contain  additives  as  specified  In  3.2.2.  The  hydraulic  fluid  shall  contain  no 
admixture  of  resins,  soaps;  gums,  fatty  oils  or  oxidized  hydrocarbons. 

*  3.2.1  Base  stock  requirements.  The  properties  of  the  synthetic 
hydrocarbon  base  stock  used  in  formulating  the  finished  fluid,  before  the 
addition  of  any  other  Ingredients  required  herein,  shall  be  as  designated  In 
Table  I  when  tested  as  specified  In  4.5. 

3.2.2  Additives.  There  shall  be  no  restriction  on  the  types  of  materials 
used  as  additives  in  the  fluid  except  those  listed  and  those  Imposed  by  the 
technical  requirements  of  this  specification.  No  pour  point  depressant 
materials  or  viscosity  Index  Improvers  may  be  used. 

3.2.2. 1  Oxidation  Inhibitors.  Oxidation  Inhibitors  of  the  phenolic  type 
shall  be  added  to  the  base  oil  In  quantities  not  to  exceed  2.0  percent  by 
weight. 

*  3. 2. 2. 2  Anti -wear  agent.  Anti-wear  agents,  such. as  tricresyl  phosphate 
(TCP)  conforming  to  TT-T-656,  shall  be  blended  In  sufficient  quantity  to 
permit  the  finished  oil  to  meet  the  lubricity  requirements  specified  in  3.3.9. 
When  tricresyl  phosphate  Is  used.  It  shall  contain  not  more  than  three  percent 
total  weight  TCP  and  not  more  than  one  percent  of  the  ortho-isomer. 

3. 2. 2. 3  Blending  fluid.  Blending  fluids,  such  as  diesters,  shall  be 
blended  In  a  quantity  not  to  exceed  33  percent  by  weight  to  permit  the 
finished  fluid  to  meet  the  rubber  swell  requirements,  as  specified  In  3.3.4, 
and  the  viscosity  requirements  In  centlstokes  at  -40*C  as  specified  in 
Table  II. 


3. 2. 2. 4  Red  dye.  The  fluid  shall  contain  red  dye  In  a  concentration  not 
greater  than  one  part  of  dye  per  10,000  parts  of  oil  by  weight. 

3.3  Finished  fluid.  The  properties  of  the  finished  fluid  shall  be  as 
specified  In  Table  II  and  3.3.1  through  3.3.13. 

3.3.1  Specific  gravity.  The  specific  gravity  of  the  hydraulic  fluid  shall 
be  determined  as  specified  in  4.5.2,  but  shall  not  be  limited.  Samples  of 
hydraulic  fluid  submitted  for  quality  conformance  tests  shall  not  vary  more 
than  ±  0.008  at  15.6*C/15.6*C  from  the  specific  gravity  of  the  sample 
originally  approved  for  qualification. 

3.3.2  Corrosiveness  and  oxidation  stability. 

3. 3.2.1  Corrosiveness.  When  tested  as  specified  In  4.5.2,  the  change  in 
weight  of  steel,  aluminum  alloy,  magnesium  alloy  and  cadmium-plated  steel 
subjected  to  the  action  of  the  hydraulic  fluid  shall  be  not  greater  than  ± 

0.2  milligrams  per  square  centimeter  of  surface.  The  change  In  weight  of 
copper  under  the  same  conditions  shall  be  not  greater  than  ±  0.6  milligrams 
per  square  centimeter  of  surface.  There  shall  be  no  pitting,  etching,  nor 
visible  corrosion  on  the  surface  of  the  metals  when  viewed  under  magnification 
of  20  diameters.  Any  corrosion  produced  on  the  surface  of  the  copper  shall  be 
not  greater  than  No.  3  of  the  ASTM  copper  corrosion  standards.  A  slight 
discoloration  of  the  cadmium  shall  be  permitted. 
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3. 3. 2. 2  Resistance  to  oxidation.  When  tested  as  specified  in  4.5.2,  the 
fluid  shall  not  have  changed  more  than  10  percent  from  the  original  viscosity 
In  centlstokes  at  40*C  after  the  oxidation  corrosion  test.  The  neutralization 
number  shall  not  have  Increased  by  more  than  0.20  over  the  acid  or  base  number 
of  the  original  sample.  There  shall  be  no  evidence  of  separation  of  Insoluble 
materials  nor  gumming  of  the  fluid. 

3.3.3  Low  temperature  stability.  When  tested  as  specified  In  4.5.2  for  72 
hours  at  a  temperature  of  -40  ±  rc,  the  fluid  shall  show  no  evidence  of 
gelling,  clouding,  crystallization,  solidification  or  separation  of 
Ingredients. 

3.3.4  Swelling  of  synthetic  rubber.  When  tested  as  specified  In  4.5.2, 
the  volume  increase  of  the  standard  synthetic  rubber  NBR-L  (as  referenced  In 
AMS  3217/2)  by  the  fluid  shall  be  within  the  range  of  18.0  to  30.0  percent. 

3.3.5  Solid  particle  contamination.  When  tested  In  accordance  with  4.5.2, 
the  number  of  solid  contaminant  particles  per  100  ml  of  the  fluid  shall  not 
exceed  the  number  specified  In  Table  III,  nor  shall  the  weight  of  the  residue 
exceed  0.3  mg.  The  filtering  time  for  each  determination  shall  be  15  minutes 
maximum. 

3.3.6  Foaming  characteristics.  The  foaming  characteristics  of  the 
hydraulic  fluid  shall  not  exceed  the  limits  Indicated  In  Table  IV  when  tested 
as  specified  In  4.5.2. 

3.3.7  Water.  The  fluid  shall  contain  less  than  100  ppm  total  water  when 
tested  as  specified  In  4.5.2. 

3.3.8  Flammability. 

3.3.8. 1  High  temperature  -  high  pressure  spray  Ignition.  If  Ignited,  when 
the  test  flame  Is  applied  as  specified  In  4.5.2,  the  test  fluid  shall  not 
continue  to  burn  when  the  source  of  Ignition  Is  removed. 

3. 3. 8. 2  Flame  propagation.  When  tested  as  specified  In  4.5.5.  the  flame 
propagation  rate  shall  be  not  more  than  0.30  cm/sec. 

3. 3. 8. 3  Effect  of  evaporation  on  flammability  -  wick  Ignition.  When 
tested  as  specified  In  4.5.2,  a  minimum  of  10  cycles  shall  be  required  to 
produce  a  self-sustaining  flame  on  the  wick. 

3.3.9  Lubricity.  When  tested  In  accordance  with  4.5.2,  wear  values  for 
hydraulic  fluid  shall  be  as  specified  In  Table  V. 

3.3.10  Storage  stability.  The  fully  blended  product  shall  show  no 
separation  of  Ingredients  nor  evidence  of  crystallization,  shall  be  clear  and 
transparent  when  examined- visually,  and  shall  conform  to  the  requirements  of 
section  3  after  12  months  storage  as  specified  In  4.5.2. 

3.3.11  Compatibility.  The  hydraulic  fluid  shall  be  compatible  In  all 
concentrations  with  each  of  the  fluids  approved  under  this  specification  when 
tested  as  specified  In  4.5.3.  The  hydraulic  fluid  shall  be  miscible  with  MIL- 
H-5606  fluids  In  all  proportions  from  -40*C  to  135*C.  In  that  no  formation  of 
resinous  gums,  sludges  or  Insoluble  materials  will  occur. 
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3-3-12  High  temperature  stability,  Hhen  tested  In  accordance  Vftth  4.5.6, 
the  change  In  fluid  viscosity  at  40*0  shall  not  exceed  5  percent; 
neutralization  number  of  the  fluid  shall  not  Increase  more  than  0.1  and  there 
shall  be  no  formation  of  precipitate  or  Insoluble  material. 

3.3.13  Color  of  finished  fluid.  There  shall  be  no  readily  discernible 
difference  In  the  color  of  the  finished  fluid  and  the  standard  color  when 
tested  as  specified  In  4.5.7. 

*  3.4  Material  safety  data  sheets.  Material  safety  data  sheets  shall  be 
prepared  and  submitted  In  accordance  with  FED-STD-313.  Material  safety  data 
sheets  shall  also  be  forwarded  as  specified  In  4.3.1.  Questions  pertinent  to 
the  effect  of  MIL-H~83282  hydraulic  fluid  on  the  health  of  personnel,  when 
used  for  Its  Intended  purpose,  shall  be  referred  by  the  acquiring  activity  to 
the  appropriate  medical  service  who  will  act  as  adviser  to  the  acquiring 
activity  (see  4.4.6  and  6.2. le>. 

4.  QUALITY  ASSURANCE  PROVISIONS 

^•1  Responsibility  for  Inspection.  Unless  otherwise  specified  In  the 
contract  or  purchase  order,  the  contractor  Is  responsible  for  the  performance 
of  all  inspection  requirements  as  specified  herein.  Except  as  otherwise 
specified  In  the  contract  or  purchase  order,  the  contractor  may  use  his  own  or 
any  other  facilities  suitable  for  the  performance  of  the  Inspection 
requirements  specified  herein,  unless  disapproved  by  the  (k>vernment.  The 
tovernment  reserves  the  right  to  perform  any  of  the  Inspections  set  forth  In 
the  specification  where  such  Inspections  are  deemed  necessary  to  assure 
supplies  and  services  conform  to  prescribed  requirements. 

*  4.1J  Reyonslbinty  for  Compliance.  All  Items  must  meet  all  requirements 
of  sections  3  and  5.  The  Inspection  set  forth  In  this  specification  shall 
become  a  part  of  the  contractor's  overall  Inspection  system  or  quality 
program.  The  absence  of  any  Inspection  requirements  In  the  specification 
shall  not  relieve  the  contractor  of  the  responsibility  of  assuring  that  all 
products  of  supplies  submitted  to  the  Government  for  acceptance  comply  with 
all  requirements  of  the  contract.  Sampling  In  quality  conformance  does  not 
authorize  submission  of  known  defective  material,  either  Indicated  or  actual 
nor  does  It  commit  the  Government  to  acceptance  of  defective  material. 

4-2  Classification  of  Inspection.  The  Inspection  requirements  specified 
herein  are  classified  as  follows: 

a.  Quallfcatlon  Inspection  (see  4.3). 

b.  Quality  conformance  Inspection  (see  4.4). 

f'3  Qualll'l cation  Inspection.  Qualification  Inspection  shall  consist  of  a 
review  for  approval  of  the  submitted  manufacturer's  test  report  and  subjecting 
the  qualification  samples  (see  4.3.1)  to  examination  and  testing  for  all  the 
requirements  of  this  specification. 
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*  4.3.1  Qualification  samples.  The  qualification  sample  shall  consist  of 
two  1-gallon  containers  of  the  finished  fluid,  two  quarts  of  the  base  stock 
without  additives,  two  quarts  of  the  blending  fluids  used,  eight  ounces  of  the 
anti-wear  additive,  one  ounce  of  the  oxidation  Inhibitor  and  one .ounce  each  of 
any  additional  additives  used  in  the  finished  fluid.  In  the  event  that 
additives  are  supplied  as  concentrated  solutions,  an  equivalent  quantity  of 
the  solution  shall  be  furnished.  The  samples  shall  be  accompanied  by  a  test 
report  from  the  manufacturer  or  a  commercial  laboratory  containing  complete 
Information  as  to  the  source  and  type  of  base  stock  and  additive  materials 
used,  the  formulation  and  composition  of  the  finished  fluid,  and  laboratory 
data  showing  quantitative  results  of  all  the  tests  required  by  this 
specification  except  storage  stability.  Separate  qualification  Inspections 
shall  be  required  for  each  base  stock  used.  When  the  material  safety  data 
sheet  is  a  requirement,  one  copy  shall  accompany  the  samples  being  submitted 
for  test.  The  samples,  material  safety  data  sheets  and  reports  shall  be 
forwarded  to  the  Aircraft  and  Crew  Systems  Technology  Directorate,  Code  6061 Z, 
Naval  Air  Development  Center,  Warminster,  PA  18974.  The  samples  shall  be 
plainly  Identified  by  securely  attached  durable  tags  or  labels  marked  with  the 
following  Information; 

Sample  for  qualification  Inspection 

HYDRAULIC  FLUID,  FIRE  RESISTANT,  SYNTHETIC  HYDROCARBON  BASE,  AIRCRAFT, 

METRIC,  NATO  CODE  NUMBER  H-537 

Name  of  Ingredient  (for  Ingredient  material) 

Name  of  manufacturer 
Product  code  number 
Date  of  manufacture 

Submitted  by  (name)  and  (date)  for  qualification  inspection  In 
accordance  with  the  requirements  of  MIL-H-83282C  under  authorization 
of  (reference  authorizing  letter)  (see  6.3). 

4. 3. 1.1’  Formulation  sheets.  An  example  of  a  satisfactory  form  for  the 
formulation  sheet.  Indicating  the  percent  by  weight  and  purpose  of  each 


Ingredient,  Is  as  follows: 

Base  stock  percent 

(composition) 

Blending  fluid  percent 

(composition) 

Anti -wear  additive  percent 

(manufacturer's  name  and  no.) 

Oxidation  Inhibitor  percent 

(manufacturer's  name  and  no.) 

Other  additives  percent 
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^•3.2  Retention  of  qualification.  In  order  to  retain  qualification  of  a 
product  approved  for  listing  on  the  Qualified  Products  List  (QPL),  the 
■anufacturer  shall  verify  by  certification  to  the  qualifying  activity,  that 
the  manufacturer's  product  complies  with  the  requirements  of  this 
specification.  The  time  of  periodic  verification  by  certification  shall  be  In 
two-year  Intervals  from  the  date  of  original  qualification.  The  Government 
reserves  the  right  to  re-examine  the  qualified  product  whenever  deemed 
necessary  to  determine  that  the  product  continues  to  meet  any  or  all  of  the 
specification  requirements. 

4.4  Quality  conformance  Inspection.  The  quality  conformance  Inspection 
shall  consist  of  a  sample  for  tests  (see  4;4.3),  samples  for  examination  of 
filled  containers  (see  4.4.4),  samples  for  determination  of  solid  particle 
count  (see  4.4.5),  and  the  tests  specified  In  Table  VI.  Samples  shall  be 
labeled  completely  with  Information  identifying  the  purpose  of  the  sample, 
name  of  product,  specification  number,  lot  and  batch  number,  date  of  sampling 
and  contract  number.  Unless  otherwise  specified,  sampling  of  the  hydraulic 
fluid  shall  be  in  accordance  with  MIL-STD-105. 

4.4.1  Bulk  lot.  A  bulk  lot  (batch)  Is  an  Indefinite  quantity  of  a 
homogeneous  mixture  of  material  offered  for  acceptance  in  a  single  Isolated 
container;  or  manufactured  In  a  single  plant  run  (not  exceeding  24  hours) 
through  the  same  processing  equipment,  with  no  change  In  ingredient  material. 

4.4.2  Packaged  lot.  A  packaged  lot  Is  an  Indefinite  number  of  55-gallon 
drums  or  smaller  unit  containers  of  Identical  size  and  type,  offered  for 
acceptance,  and  filled  with  a  homogeneous  mixture  of  material  from  one 
Isolated  container;  or  filled  with  a  homogeneous  mixture  of  material 
manufactured  In  a  single  plant  run  (not  exceeding  24  hours)  through  the  same 
processing  equipment,  with  no  change  In  Ingredient  material. 

*4.4.3  Sample  for  tests.  Take  samples  for  tests  In  accordance  with  ASTM  D 
4057  or  ASTM  D  4177.  This  sample  shall  be  subjected  to  all  the  applicable 
quality  conformance  tests.  If  the  sample  for  tests  falls  any  of  the  quality 
conformance  tests,  the  Inspection  lot  shall  be  rejected.  In  addition,  a 
random  sample  of  base  oil  shall  be  selected  for  each  lot  of  the  finished  fluid 
and  shall  be  subjected  to  all  the  applicable  quality  conformance  tests  for 
base  oi  1 . 

( 

4.4.4  Jample  for  examination  of  filled  containers.  A  random  sample  of 
filled  unit  containers  and  a  sample  of  shipping  containers  fully  prepared  for 
delivery  shall  be  selected  from  each  lot  of  fluid  In  accordance  with  MIL-STD- 
105,  Inspection  Level  II  and  an  Acceptable  Quality  Level  (AQL)  of  2.5  percent 

set I  VS « 

4.4.5  Sample  for  determination  of  solid  particle  count.  Samples  of  filled 
and  sealed  containers  shall  be  taken  at  such  periodic  Intervals  as  to  be 
representative  of  each  day's  operation.  The  number  of  samples  taken  each  dav 
shall  be  In  accordance  with  MIL-STD-105,  Inspection  Level  S-3.  The  sample 
size  and  number  of  determinations  shall  be  as  specified  In  Table  VII. 

*  Submission  of  material  safety  data  sheets.  The  contractor  shall 

furnish  to  the  contracting  activity  the  toxicological  data  and  formulations 
required  to  evaluate  the  safety  of  the  material  for  the  proposed  use  through 
the  submission  of  the  material  safety  data  sheet  detailed  In  FED-STD-313 
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4.5  Method  of  Inspection  and  test. 

I'^spectlon  Shall  be  In  accordance  with  Method  9601  of 
rED-STD-791  and  4.5.8  Of  this  Specification. 

4.5.2  Tests.  The  hydraulic  fluid  properties  shall  be  determined  In 
accordance  with  the  applicable  methods  specified  In  Table  VIII  and  4.5.3 
through  4.5.7.  Physical  and  chemical  values  specified  In  section  3  apply  to 
the  average  of  the  determinations  made  on  the  samples  for  those  values  which 
fall  within  any  stated  repeatability  or  reproducibility  limits  of  the 
applicable  test  method. 

•  90  candidate  hydraulic  fluid  In  amounts  of 

20  ml,  100  ml  and  180  ml  shall  be  mixed  with  samples  from  each  of  the  fluids 
previously  approved  under  this  specification.  Total  volume  of  each  mixture 
shall  be  200  ml-  ^xtures  shall  be  prepared  In  250  ml  stoppered  flasks.  The 
flasks  ^l^all  be  thoroughly  agitated  and  then  stored  In  an  oven  at  205“C  for  2 
hours.  At  the  end  of  this  time,  none  of  the  mixtures  shall  show  any  signs  of 
turbidity  or  crystallization.  The  samples  shall  then  be  stored  at 
-40  C  for  a  period  of  2  hours.  Slight  turbidity,  at  this  time,  that  later 
1  •>®^P®''»''tted  In  the  samples.  Compatibility  tests  described 
!l?r®u  clllf'  conducted  with  a  representative  fluid  qualified  to 

40*C  ^®'"P®’^®ture  extremes  for  these  latter  tests  shall  be  135"C  and 

4.5.4  Bulk  modulus. 

4.5.4. 1  Aggaratus.  The  bulk  modulus  of  the  hydraulic  fluid  shall  be 
determined  using  a  calibrated,  precision  capillary  pycnometer  of  the  tvne 
shown  In  Figure  1  (modified  21  T  50  Jerguson  pressure  gauge).  A  suitable 

Flgures^'^and^S  equ<pn>ent  for  this  determination  are  shown  In 

^I2£edure.  The  pycnometer  volume  to  capillary  diameter  ratio 
shall  be  chosen  to  provide  a  precis-ion  of  measurement  for  liquid  densitv  of 

tAEr+L  Jf®  pycnometer  shall  be  charged  with  candidate  fluid 

to  the  top  of  the  capillary  at  40*C  and  atmospheric  pressure*  and 

"^‘^®  ^"sert  the  pycnometer  In  the  high-pressure 

pycnometer  housing  so  that  the  capillary  tube  Is  visible  through  the  window  of 
the  pressure  vessel  and  parallel  to  the  outside  vertical  surfaces  of  the 

?rrlA*/“®'"S’®4.*!!®  P''®“u»'e  vessel  containing  the  pycnometer, 

!  1  ^  constant-temperature  bath,  allow  equilibrium  to  be  reached 

reading  at  atmospheric  pressure.  (Since  the  precision  of  the 

parallax  and  distortion  In  the  pressure  vessel  window  and  the  walls  of  the 
constant-temperature  bath.)  Increase  nitrogen  pressure  to  a  new  level  and 
after  a  1 -hour  soak,  take  a  third  reading.  For  any  pressure  range  the  secant 
bulk  modulus  Is  defined  by  the  following  equation:  ’ 
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-  V  AP 
AV  +  AVg 


Nhere: 


V  is  the  original  volume  of  the  fluid, 

AV  is  the  observed  volume  change  due  to  [P  increase 
in  pressure, 

AP  is  the  pressure  change  between  the  two  measurements 
In  kPa,  and 

AV,  is  the  correction  factor. 

The  correction  factor  (AV,)  considers  the  bulk  modulus  of  glass  in 
determining  the  true  volume  of  the  pycnometers  at  pressures  above  atmospheric 
The  bulk  modulus  of  pyrex  glass  is  3.28  x  10’  kPa. 


Therefore: 


3.28  X  10’ 


4.5.5  Flame  propagation  test. 

4. 5.5.1  Apparatus.  Flame  propagation  rate  shall  be  determined  using  the 

apparatus  shown  schematically  in  Figure  4.  The  following  additional  equipment 
will  be  required;  ^  ^ 

4. 5. 5. 1.1  Recorder.  A  zero  centered  fast  response  strip  chart  recorder 
with  a  *  5  mv  range  and  a  0.5  second  full  scale  deflection  capability  has 
been  found  to  be  satisfactory.  Chart  speed  of  7.5  mm  per  minute  is  desirable. 

4. 5. 5. 1.2  Pair  of  differential  thermocouples.  A  pair  of  differential 

thermocouples,  24  gauge,  with  bare  Junctions  and  fiberglass  wrap  insulation. 
ISA  Type  J  (see  Figure  4)  are  required.  ’ 

4. 5. 5. 1.3  Fume  hood.  A  draft  free  fume  hood  shall  be  used  so  that  when 
the  ventilation  system  Is  not  operative,  no  draft  will  occur. 

4. 5. 5. 1.4  Heights.  Two  50  gram  weights  with  attached  hooks  are  required. 

4. 5. 5. 1.5  Stainless  steel  tube  or  rod.  A  stainless  steel  tube  or  rod 
approximately  1.3  cm  in  diameter  and  38  cm  in  length,  shall  be  used. 

4.515.1.6  i.Y>P0^^4t1nq  dish.  An  evaporating  dish,  100  mm  diameter, 
(approximately  125  ml  capacity)  shall  be  used. 

..  Ceramic  fiber  cord.  Ceramic  fiber  cord,  0.13  cm  in  diameter 

3I2-3907JI5.  2.y  M.  as  iMnufart<ir.(l  l,y  Kinmot.  Mlllno 
Manufacturing  Company,  St.  Paul,  MN  55101,  or  equivalent,  shall  be  used. 

.  Absorbent  paper  wipers.  Absorbent  papers  wipers,  38  by  21.6  cm 

snail  be  used. 
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4. 5. 5. 1.9 
used. 


Matches. 


A  commercially  available  kind  of  matches  shall  be 


4. 5. 5. 2  Procedure.  Assemble  the  apparatus  as  shown  In  Figure  4,  and  place 
It  in  a  suitable  fume  hood.  Support  the  stainless  steel  rod  on  a  ring  stand 
In  a  horizontal  position,  about  60  cm  above  the  table  surface.  Carefully  wrap 
an  absorbent  paper  wiper  around  the  steel  rod  and  secure  it  to  the  rod  with  a 
small  piece  of  2.5  cm  masking  tape.  Leave  about  10  cm  of  the  rod  uncovered  by 
the  wiper. 
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4. 5. 5. 2.1  Tie  small  loops  In  each  end  of  a  50  cm  section  of  the  ceramic 
string.  Place  50  ml  of  the  hydraulic  fluid  sample  Into  the  evaporating  dish. 
Place  string  In  fluid  taking  care  not  to  Immerse  the  loops  at  the  ends  of  the 
string. 


4. 5. 5. 2. 2  Allow  the  string  to  remain  In  the  fluid  for  at  least  3  minutes. 

4. 5. 5. 2. 3  Remove  the  string  from  the  fluid  and  attach  a  50  gram  weight  to 
the  loop  at  each  end.  Hang  the  soaked  string  with  attached  weights  over  the 
unwrapped  section  of  the  steel  rod.  Pull  down  gently  on  the  uppermost  weight 
to  cause  the  soaked  string  to  pass  over  the  bare  rod,  flexing  It  gently  as  It 
moves.  Hhen  the  lower  weight  has  been  drawn  up  to  the  rod,  reverse  the 
process  until  the  first  weight  has  again  been  drawn  up  to  the  rod.  Repeat  the 
cycle  four  times  to  work  the  sample  thoroughly  Into  the  string. 

4. 5. 5.2. 4.  Transfer  the  string  to  the  covered  portion  of  the  rod.  Pass 
the  string  over  the  absorbent  paper  In  the  same  manner  described  In 
4. 5. 5. 2. 3.  After  each  double  cycle,  lift  the  string  and  rotate  it  through  180 
degrees  while  It  Is  held  taut  In  a  vertical  position,  and  replace  It  on  a 
fresh  area  of  the  absorbent  paper.  Repeat  until  four  double  cycles  have  been 
completed. 


4. 5. 5. 2. 5  Place  the  prepared  string  on  the  test  apparatus,  with  the 
weights  In  place  to  provide  tension  in  the  strings.  Adjust  the  differential 
thermocouple  junctions  so  that  they  are  exactly  2  mm  above  the  string. 

4. 5. 5. 2. 6  Start  the  recorder  chart.  With  a  match.  Ignite  the  sample  on 
the  string  near  Its  support  at  one  end  of  the  apparatus.  Permit  the  flame  to 
advance  along  the  string  past  each  thermocouple  until  It  extinguishes  Itself 
upon  reaching  the  opposite  string  support.  Stop  the  recorder  and  start  the 
hood  to  exhaust  combustion  products.  Recorder  display  should  be  similar  to 
that  shown  In  Figure  5. 

4. 5. 5. 2. 7  Measure  the  Interval  between  peak  maxima  on  the  recorder  chart. 
From  the  measured  Interval,  the  chart  speed  of  the  recorder  and  the  known 
distance  between  thermocouples  In  the  test  apparatus,  calculate  the  linear 
flame  propagation  rate  In  cm/sec.  Triplicate  runs  should  be  made  for  each 
sample.  Report  the  average  of  the  three  runs  as  the  flame  propagation  rate 
for  the  sample. 
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Linear  propagation  rate  •  D  v 

T 


Nhere: 

D  Is  the  distance  between  thermocouples  In  centimeters  (see  Figure  4). 

V  Is  the  chart  speed  In  cm/sec. 

T  Is  the  distance  measured  from  peak  to  peak  (see  Figure  5>. 

4.5.6  High  temperature  stability. 

4.5.6. 1  Apparatus .  Thermal  stability  characteristics  of  the  hydraulic 
fluid  shall  be  determined  using  the  following  test  apparatus:  A  50  ml  round 
bottom  flask  (Ace  Glass  Inc.,  Vineland,  NO  08360,  or  equivalent);  a  75  degree 
angle  adapter  (24/40)  (Ace  Glass  Inc.,  or  equivalent);  gas  Inlet  tube  (6  mm  OD 
pyrex  tubing);  a  high  temperature  bath,  capable  of  maintaining  temperature  of 
205  ±  2*C. 


4. 5. 6. 2  Procedure .  Place  25  ml  of  candidate  fluid  In  flask  fitted  with  75 
degrees  angle  adapter  and  gas  Inlet  tube.  The  height  of  the  gas  Inlet  tube 
should  be  adjusted  to  within  1.0  cm  above  the  level  of  the  fluid.  Place  a  2.5 
cm  length  of  .635cm  00  stainless  steel  tubing.  Type  304,  In  the  fluid.  Heat 
the  fluid  for  100  hours  at  a  temperature  of  205  ±  2*C  while  maintaining  a  1 
liter  per  hour  flow  of  dry  nitrogen  (lamp  grade)  on  the  surface  of  the  fluid 
via  the  gas  Inlet  tube.  Upon  completion  of  the  test,  the  fluid  shall  meet  the 
requirements  of  3.3.12. 

4.5.7  (lolor  of  finished  fluid.  The  color  of  the  hydraulic  fluid  shall  be 
compared  with  a  standard  sample  prepared  by  adding  1  part  of  dye  "Oil  Red  235" 
to  10,000  parts  of  an  oil  not  darker  than  ASTM  D  1500  (tolor  Number  1.0. 

4. 5.7.1  011  red  dve  source.  "Oil  Red  235"  Is  manufactued  by  Passaic  Color 
and  Chemical  (^pany. 

4.5.8  Examination  of  filled  containers.  Each  sample  of  filled  container 
and  shipping  container  shall  be  examined  for  defects  of  construction  of  the 
container  and  closure,  evidence  of  leakage  and  net  content.  Any  container 
In  the  sample  having  one  or  more  defects  or  under  required  fill  shall  be 
rejected,  and  If  the  number  of  defective  containers  In  any  sample  exceeds  the 
acceptance  number  for  the  appropriate  sampling  plan  of  NIL-STO-105,  the  lot 
represented  by  the  sample  shall  be  rejected.  Rejected  lots  may  be  resubmitted 
for  quality  conformance  Inspection,  provided  that  the  contractor  has  removed 
or  repaired  all  non-conforming  containers. 

5.  PACKAGING 

*  5.1  Preservation  and  packing.  The  preservation  and  packing  of  the 
hydraulic  fluid  shall  be  In  accordance  with  MIL-STD-290.  The  levels  of 
preservation  and  packing  shall  be  as  specified  (see  6.2.1).  Unless  otherwise 
specified,  the  fluid  shall  be  furnished  In  1-quart  and  1-ga11on  metal  cans 
conforming  to  Type  I  of  PPP-C-96.  All  materials  used  In  the  construction  of 
the  containers  shall  be  such  as  will  not  affect  or  be  affected  by  the 
contained  hydraulic  fluid.  Just  prior  to  filling,  all  containers  shall  be 
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thoroughly  cleaned,  rtnsed  with  clean  filtered  fluid  and  examined  to  Insure 
absolute  absence  of  loose  solder,  dirt,  fibers,  lint,  metal  particles,  seaming 
compound,  corrosion  products,  water  or  other  foreign  contaminants.  The  bottom 
seam  shall  show  no  extruded  seaming  compound  and  there  shall  be  no  seaming 
compound  on  the  body  Immediately  adjacent  to  the  side  seam.  Visible  seaming 
compound,  evenly  distributed  and  forming  a  very  fine  edge  at  the  point  of 
contact  of  the  seam  with  the  body,  shall  not  be  cause  for  rejection.  If  a 
soldered  seam  Is  used  in  the  fabrication  of  the  can,  residual  soldering  flux 
shall  not  be  present  on  the  Inside  seam  of  the  container. 

*  5.2  Marking.  The  marking  of  the  hydraulic  fluid  containers  shall  be  In 
accordance  with  MIL-STD-290  and  Title  49  of  the  Code  of  Federal  Regulations 
and  any  other  special  markings  specified  by  the  acquiring  activity  (see 
6.2.1).  All  unit  and  Intermediate  packs  of  toxic  and  hazardous  chemicals  and 
materials  shall  also  be  labeled  In  accordance  with  the  applicable  laws, 
statutes,  regulations  or  ordinances.  Including  Federal.  State  and  Municipal 
requirements.  In  addition  unit  and  Intermediate  containers.  Including  unit 
containers  that  serve  as  shipping  containers,  such  as  palls  and  drums,  shall 
be  marked  with  the  applicable  precautionary  Information  detailed  In  ANSI 
Z129.1. 

6.  NOTES 

6*1  Intended  use.  The  hydraulic  fluid  covered  by  this  specification  Is 
Intended  for  use  from  -40“to  +205*C  In  automatic  pilots,  shock  absorbers,  air 
compressor  gear  boxes,  brakes,  flap-control  mechanisms,  missile  hydraulic 
servo-controlled  systems  and  other  hydraulic  systems  using  synthetic  sealing 
material . 

6*1 *1  Storage  conditions.  Prior  to  use  In  the  Intended  equipment,  the 
product  may  be  stored  under  conditions  of  covered  or  uncovered  storage  In 
geographic  areas  ranging  In  temperature  from  -40* to  +50*C. 

6.2  Ordering  data. 

6*2.1  Acquisition  requirements.  Acquisition  documents  should  specify  the 
following: 

a.  Title;  number  and  date  of  this  specification. 

b.  Type  and  size  of  containers  (see  5.1). 

c.  Quantity. 

d.  Selection  of  applicable  levels  of  preservation  and  packing  with 
requirements  In  detail  (see  5.1). 

e.  Specify  FAR  Clauses  52.223-3. 

f.  Any  special  markings  required  (see  5.2). 

6*2.2  Purchase  unit.  The  fluid  covered  by  this  specification  should  be 
purchased  by  volume,  the  unit  being  a  U.S.  gallon  of  231  cubic  Inches  at 
15.6*C. 
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6.3  Qualification.  With  respect  to  products  requiring  qualification, 
awards  will  be  made  only  for  products  which  are,  at  the  time  set  for  opening 
of  bids,  qualified  for  Inclusion  In  Qualified  Products  List  <QPL-83282) 
whether  or  not  such  products  have  actually  been  so* listed  by  that  date..  The 
attention  of  the  contractors  Is  called  to  these  requirements,  and 
manufacturers  are  urged  to  arrange  to  have  the  products  that  they  propose. to 
offer  to  the  Federal  Government  tested  for  qualification  In  order  that  they 
may  be  eligible  to  be  awarded  contracts  or  purchase  orders  for  the  products 
covered  by  this  specification.  The  actvity  responsible  for  the  Qualified 
Products  List  Is  the  Commander,  Naval  Air  Systems  Command,  Attn:  AIR-5304C2, 
Department  of  the  Navy,  Washington,  DC  20361;  however.  Information  pertaining 
to  qualification  of  products  and  letter  of  authorization  may  be  obtained  from 
the  Aircraft  and  Crew  Systems  Technology  Directorate,  Code  60612,  Naval  Air 
Development  Center,  Warminster,  PA  18974. 

6.3.1  Qualification  Information.  It  Is  understood  that  the  material 
furnished  under  this  specification  subsequent  to  final  approval  should  be  of 
the  same  composition  and  shall  be  equal  to  products  upon  which  approval  was 
originally  granted.  In  the  event  that  the  fluid  furnished  under  contract  Is 
found  to  deviate  from  the  composition  of  the  approved  product,  or  that  the 
product  falls  to  perform  satisfactorily,  approval  of  such  products  will  be 
subject  to  Immediate  withdrawal  from  the  Qualified  Products  List. 

6.4  Standard  rubber  samples.  Samples  of  the  standard  synthetic  rubber 
NBR-L  (see  3.3.4>  for  the  test  specified  In  Table  VIII  may  be  obtained  from 
the  Precision  Rubber  Products  (i)rp.  Aerospace  Division,  1217  South  26  Place, 
Phoenix,  AZ  85035. 

6.5  International  standardization  agreements.  (Certain  provisions  of  this 
specification  (see  1.1)  are  the  subject  of  International  standardization 
agreement,  ASCC  Air  Standard  15/1',  NATO  STANAG  NAT-STD-1135.  When  amendment, 
revision,  or  cancellation  of  this  specification  Is  proposed,  which  will  modify 
the  International  agreement  concerned,  the  preparing  activity  will  take 
appropriate  action  through  International  standardization  channels.  Including 
departmental  standardization  offices,  to  change  the  agreement  or  make  other 
appropriate  accomodations. 

*  6.6  (Contractual  notes.  In  addition  to  Qualification  and  Quality 
Conformance  Testing,  the  Air  Force  will  perform  final  acceptance  testing  on 
each  contract  awarded.  Specific  requirements  and  Instructions  addressing  this 
matter  will  be  called  out  In  each  contract.  Questions  In  regard  to  this 
action  should  be  forwarded  to:  Commander,  San  Antonio  ALC,  Attn:  SFTT,  Kelly 
AFB,  TX  78241 . 

*  6.7  Changes  from  previous  Issues.  The  margins  of  this  specification  are 
marked  with  asterisks  to  Indicate  where  changes  Additions,  modifications, 
corrections,  deletions)  from  the  previous  Issue  were  made.  This  was  done  as  a 
convience  only  and  the  Government  assumes  no  liability  whatsoever  for  any 
Inaccuracies  In  these  notations.  Bidders  and  contractors  are  cautioned  to 
evaluate  the  requirements  of  this  document  based  on  the  entire  content 
Irrespective  of  the  marginal  notations  and  relationship  to  the  last  previous 
Issue. 
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6.8  Subject  term  (Keyword)  llstinc 


Airborne  engine  compressors,  hydraulic  fluid  for 

Aircraft  hydraulic  fluid 

Aircraft  and  missile  hydraulic  systems 

Fire  resistant  hydraulic  fluid 

Hydraulic  fluid 

Hydraulic  fluid  for  a1 craft  and  missiles 
Hydraulic  system 
Missiles  hydraulic  fluid 
Synthetic  hydrocarbon  base 
Synthetic  hydraulic  fluid 


Custodians:  Preparing  activity: 

Army  -  ME  Navy  -  AS 

Navy  -  AS 

Air  Force  -  20  (Project  9150-0741) 


Review  activities: 
Array  -  AV,  MI,  AR 
Navy  -  SH 
Air  Force  -  68 


User: 

Navy  -  OS 


International  Interest: 
NATO  (see  6.5) 
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TABLE  I.  Properties  of  synthetic  hydrocarbon  base  stock. 


Characteristic 

Reaulrement 

Viscosity  in  centi stokes  at  100*C 
nlnlfflum 

3.5 

Viscosity  In  centi stokes  at  40*C 

Report 

Viscosity  In  centi stokes  at  -40*C 
maximum 

2,600 

Flash  point, *C  minimum 

205 

Fire  point, *C  minimum 

245 

Evaporation,  weight  percent,  maximum 

14.0 

Neutralization  number,  maximum 

0.10 

Specific  gravity  at  15.6*C/15.6*C 

Report 

Color  number,  ASTH,  maximum 

1.0 

Pour  point. *C  maximum 

-55 

TABLE  II.  Properties  of  the  finished  fluid. 


Characteristic 

Reaulrement 

Viscosity  In  centi stokes  at  205*C,  minimum 

1.0 

Viscosity  In  centlstokes  at  100*C,  minimum 

3.45 

Viscosity  In  centlstokes  at  40*C,  minimum 

14.0 

Viscosity  In  centlstokes  at  -40*C,  maximum 

2,200 

Flash  point, *C  minimum 

205 

Fire  point, *C  minimum 

245 

Auto-Ignition  temperature,  *C,  minimum 

345 

Neutralization  number,  maximum 

0.10 

Evaporation,  weight  percent,  maximum 

20.0 

Bulk  modulus  (Isothermal  secant  0  to  6.9  x 
10^  kP.)  at  40*C:  kP.  minimum 

1.379  X  10* 

Pour  point. *C  maxlmuni 
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TABLE  III.  Solid  contaminant  particles. 


Particle  size  range  (largest 
dimension),  microns 

Allowable  number  (max) 
microscopic  count 

Each  determination 
automatic  count 

5-15 

2,500 

10,000 

16-25 

1,000 

1,000 

26-50 

250 

150 

51-100 

25 

20 

Over  100 

10 

5 

TABLE  IV.  Foaming  characteristics  of  hydraulic  fluid. 


Test 

Foaming  tendency 

Foam  stability 

Foam  volume,  ml,  at  end  of 

Foam  volume,  ml. 

5  minute  blowing  period 

at  10  minute 

settling  period 

at  25*C 

65  ml ,  maximum 

Complete  collapse  U 

I  1./  A  ring  of  small  bubbles  around  the  edge  of  the  graduate  shall  be 
I  considered  complete  collapse. 

I  TABLE  V.  Near  values. 

I 


Load  (kg) 

Scar  diameter 
mm  (max) 

1 

0.21 

10 

0.30 

40 

0.65 
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TABLE  VI  Qua] 1  tv  conformance  tests . 


Inspection 

1  Paraqraph  I 

Requirement 

Test  method 

Pour  point 

3.3 

4.5.2 

Flash  point 

3.3 

4.5.2 

Fire  point 

3.3 

4.5.2 

Neutralization  number 

3.3 

4.5.2 

Evaporation  (finished  fluid) 

3.3 

4.5,2 

Viscosity  (finished  fluid) 

3.3 

4.5.2 

Specific  gravity 

3.3.1 

4.5.2 

Low  temperature  stability 

3.3.3 

4.5.2 

Solid  particle  contamination 

3.3.5 

4.5.2 

Foaming  characteristics 

3.3.6 

4.5.2 

Hater 

3.3.7 

4.5.2 

Effect  of  evaporation  on  flammability 

3. 3.8. 3 

4.5.2 

Lubricity 

3.3.9 

4.5.2 

(k>1or  of  finished  fluid 

3.3.13 

4.5.7 

Inspection  of  filled  containers 

5.1 

4.5.8 

TABLE  VII.  Sample  for  particle  contamination. 


Cental ner 

Sample  size  (ml)  U 

Number  of 
determinations 
per  sample 

1  quart 

100 

1 

1  gallon 

200 

2 

5  gallon 

300 

3 

55  qallon 

•600 

6 

1/  Each  determination  shall  be  made  on  100  ml  portions  of  the  sample.  Should  the 
particle  count  on  any  Individual  determination  be  considered  excessive,  two  additional 
determinations  on  another  sample  from  the  same  container  may  be  used.  The  container 
shall  be  thoroughly  shaken  Immediately  prior  to  withdrawing  each  100  ml  portion  for  such 
additional  determinations.  The  arlthmetric  average  of  the  two  closer  particle  counts 
shall  be  considered  the  particle  count  for  the  sample. 
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TABLE  VIII.  Test  methods  for  hydraulic  fluid  properties. 


Characteristic 

r  Test  method  1 

FED-STO-791 

ASTM 

Pour  point 

D  97 

Flash  point 

D  92 

Fire  point 

0  92 

Color  (base  stock) 

D  1500 

Evaporation  y 

350 

Specific  gravity 

D  1298 

Viscosity 

0  445 

Solid  particle  contamination  2/ 

3009 

Foarol  ng 

D  892 

Water 

D  1744 

Neutralization  number 

0  664 

High  temperature-high  pressure 
spray  Ignition 

6052 

Auto-Ignition  temperature 

E  659 

Corrosiveness  and  oxidation 
stability  3/ 

5308 

Swelling  of  synthetic  rubber  4/ 

3603 

Low  temperature  stability 

3458 

Storage  stability 

3465 

Lubricity  5/ 

D  4172 

Effect  of  evaporation  on 
flammability  6/ 

352 

1/  Test  temperature  205*C.  Test  time,  6.5  hours, 
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TABLE  VIII.  Hydraulic  fluid  properties,  (continued) 

2/  Particulate  contamination  may  also  be  measured  by  the  use  of 

automatic  particle  counters  In  lieu  of  the  optical  procedure  detailed  In 
Method  3009  of  FED-STD-791.  HI  Ac  counter.  Models  PC-202,  PC-203.  PC-305, 
or  equivalent,  counting  to  the  limits  specified  In  Table  III.  Directions 
In  the  manual  for  the  respective  Instruments  shall  be  followed.  A 
gravimetric  determination  shall  also  be  made,  by  ASTM  F  313,  using  a 
single  0.45  micron  filter  membrane. 

3/  Bath,  constant  temperature,  135*C.  Test  time, 

168  hours. 

4/  Use  standard  rubber  NBR-L  (see  3.3.4  and  6.4)  within  6  months  of 
date  of  manufacture. 

5/  A  10  ±  0.5  ml  sample  shall  be  used,  and  the  test  shall  be  conducted 
for  1  hour  at  each  load  specified  in  Table  V. 

6/  Eliminate  oven  storage  and  recheck. 
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TO  RECORDER 


THERMOCOUPLE  SCHEMATIC 


DIMENSIOrf  IN  CENTIMETERS 

FIGURE  4.  App»ratu8  for  the  d#terinlnation  of  lln—r  flame  frropagat Lon  fates. 
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NOTICE  OF  INACTIVATION 
FOR  NEW  DESIGN 


INCH-POUND 


MIL-i;-7952A 
NOTICE  2 
DPecember  1994 
NUPERSEDINO 
NOTICE  1 
20  January  1989 


MILITARY  SPECIFICATION 

STEEL,  SHEET  AND  STRIP,  UNCOATED,  CARBON  (1020  AND  1025) 

(AIRCRAFT  QUALITY) 


This  notice  should  be  filed  in  front  of  MIL-S-7952A.  dtucd  12  July  1963  and  Amendment  I  diited  22  August  l%3. 

Future  acquisition  for  this  material  should  refer  to  AMS  5(VM».  Sheet.  Strip  and  Plate,  Cartxm  Steel  (SAE  1020  tind 
1025)  Annealed. 


(Application  for  copies  of  AMS  publication  should  he  :iddres.sed  to  the  Society  of  Automotive  Enuineets.  4(M) 
Commonwealth  Drive.  Warrendale.  PA  l.5()96). 


MIL-S-7952A  and  Amendment  I.  is  inactive  for  new  design  and  is  no  longer  used  by  the  Air  Rwee  except  for 
replacement  purpose.s. 


Cu.stodian.s:  Prepiuing  activity: 

Army -MR  AirRuee-ll 

Navy  -  AS 
Air  Force  -  1 1 


(Proj  No.  951.5-1066) 


AMSCN/A  FSC9.5I 

PISlKlBUnON  STATEMENXA-  Approved  fir  public  reletise:  distributum  is  unlimited. 
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MIL-S-7952A(ASG) 

AMENDMENT- I 
22  AUGUST  1963 


MUJTARI  SBSCIFICmON 

dim,  SHEET  AND  STRIP,  DNCOAIED,  CARBOH  (1020  AND  1025)  ' 
(AIRCRAPT  QUALin) 

Thle  amendment  forma  a  part  of  Nllltaiy  Sjpeolfioation 
Knj-S-7952A(ASl)j  12  July  1963,  and  haa  been  apptrored 
by  the  Department  of  the  Air  Force  and  by  the  Bureau 
of  Naval  Veapona* 


Page  preamble:  Delete«;and  aubatltutei 
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tm-TTATer  sPECIFICillOK 

SIEEL,  armr  ^HD  STRIP,  UMCOATED,  CARBON  (1020  AMD  1025) 
(AIRCRAFT  QUALITZ) 


This  speoifioation  has  been  approved  by  the  Department  .of  Defense 
and  is  mandatory  for  use  by  the  Departments  of  the  Army,  the  Navy, 
and  the  Air  Force. 


1.  SCOPE 

1.1  This  q>eoifioation  covers  low-carbon  steal,  lAieet  or  strip,  of 
aircraft  quality. 

2.  APPLICABLE  DOCDtfENTS 

2.1  The  following  documents,  of  the  issue  in  effect  on  date  of  invitation 
for  bids  or  request  for  proposal,  form  a  part  of  this  .specifioationjto  tfaB.-ektent 
specified  herelnt 


MIL-1.-7870  Lubricating  Oil,  General  Purpose,  Ixw 

Temperature 

aTANDARDS 

Federal 

Fed.  Test  Method 

Std.  No.  151  Hetalsf-  Test  Methods 

Fed.  Std.  No.  1S3  Continuous  Identification  Marking  of  Iron 

and  Steel  Braduots 


KIL-STD-163 


steel  Mill  Products  Preparation  for 
Shipment  and  Storage 


AI1D10355 


Tolerances  —  Carbon  Steel  Sheet  and  Strip 


THIS  DOCUMENT  CONTAINS  -£1  PAGES. 
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(Copies  of  sp^float^na*  standards#  drawings#  and  pdblloatlons  requlMd 
by  sapplisrs  in  conns etion  with  qpectiflo  prooureasnt  functions  should  be 
obtained  f^on  the  procuring  aotiTit7  or  as  directed  b7  the  contracting  officer. ) 

3.  REQIUMMERT8 

3.1  Manufacturing  twooeas.^.  The  steel  shall,  be  manufactured  by  the  open- 
hearth#  baslo-cjtygen#  or  eleotrio-furnaoe  process.  Sheet  and  strip  shall  be 
annealed#  and  finished  bT*  cold  rolling.  Sufficient  discard  shall  be  taken  from 
each  ingot  to  Insure  freedom  from  injurious  piping  and  undue  segregation. 

3.2  Chemical  compoaition.-  The  chemical  coiiQ)Osition  shall  oonfoxm  to  the 
acceptable  limits  specified  in  table  I. 

3.2.1  If  the  composltlonj  1020  or  1025#  is  not  specified#  either  coiqpo- 
sltlon  may  be  furnished  at  the  option  of  the  manufacturer# 


TABI£  I.  Chemical  composition 


KLenenta 

Analysis 

percent  by  weiaht 

Cheek  analysis 
tolerance 
(percent)  j/ 

1020 

1025 

Carbon 

Manganese 

Phosphorus 

Sulfur 

0.18  -  0.25 
0.30  -  0.60 
0.040  max. 
0.0^  max. 

0.22  -  0.30 
0.30  -  0.60 

0.040  max. 
0.050  max. 

40.03#  -0*04 
*0.03 

40.01 

■♦0.01 

The  arerage  of  the  determinations  shall  be  within  the  limits 
specified  under  the  "analysis*  column.  Individual  determina¬ 
tions  may  yary  to  the  extent  indicated  in  the  "check  analysis 
tolerance"  column#  except  that. several  detenninatlpns  of  a 
single  element  in  any  one  heat .  Shall  not  vary  both  above  and 
below  the  specified  range. 

3.3  Phvaioal  properties.-  The  pbysleal  inopertles  shall  be  as  apeoified 
In  table  II. 


table  n.  fhysloal  properties 


Tensile 

strength 

(min) 

Held  strength  at 

0.2  percent  offset 

Elongation  in 

2  inohes 
(min) 

(min) 

Extension 
under  load 

psl 

psl 

inoh  in  2  Inohes 

ver6ent 

55#000 

36#000 

0.0065 

22  1/ 

3/  Per  each  2#000  pounds  per  square  Inoh  in  excess  of  55«000  pounds 
per  square  Inbh  tensile  strength#  a  reduction  in  elongation  of 
1  percent  to  a  mini mum  of  10  percent  will  be  allowed. 
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3*4  pflndi.nff,~  Tsffb  qpsciJiiBiiB  rfinU  uiUiBtani  'bsndliig  ai}  poon  ^nperatare 
through  w  angle  of  ISO  degrees  around  a  diameter  equal  -to  the  thlakness  of  the 
qieoifflen,  vithoat  oraoking  on  the  outside  of  t^  bent  portion. 

3.5  Toleranoes.-  The  permissible  variation  In  dimensions  Bhaii  be  as 
sipeolfled  in  Standard  AND10355. 


3.6  'feaduot  identification.-  The  marking  of  sheet  and  strip  steel 

be  in  aooordanod  with  Federal  Standard  Ho.  183  and  shall  include  llnll1^na^  thiok- 
nesB.  A  suitable  maiklng  fluid  which  is  not  soluble  in  water  or  lubricating 
oil  conforming  to  ^eolfication  MIL-L-7a70  shall  be  used.  The  markings  pro¬ 
duced  rf>all  not  mib  off  or  be  smeared  by  contact  incident  to  normal  Vian/THwg 
during  shipment  and  storage. 

3.7  Workmanship.-  All  sheet  or  strip  shall  be  olean«  smooth^  foee  from 
seams,  laminations,  blisters,  appreciable  scale,  or  other  defects,  and  aVwn 
have  a  good  finish. 


3»7»1  The  grain  slse  ehall  be  fine  and  uniform  in  all  parts  of  the 
riieet  or  strip.  The  sheet  or  strip  shall  not  be  deoarburized  to  siioh  an 
extent  that  the  specified  phyaloal  properties  are  affected. 


4.  QUALITT  ASSnRANCE  PR07ISrONS 

BesponslbllltT  for  Inspection.-  Unless  otherwise  specified  in  the 
contract  or  purchase  order,  the  suppUer  is  responsible  for  the  performance  of 
m  inspection  requirements  as  specified  herein.  Except  as  otherwise  specified, 
'wf  'itillze  his  own  facilities  or  any  commercial  laboratory  accept¬ 

able  to  the  Government.  The  Government  reserves  the  right  to  perform  any  of  the 
inspections  set  forth  in  the  speclfloation  where  suoh  inspections  are  deemed 
necessary  to  assure  supplies  and  services  conform  to  presorlbed  requirements. 


fflapaifleatiop  of  tests.-  All  the  tests  required  herein  are  classi- 
*  . .  ®®  quality  oonformanoe  tests,  for  which  necessary  sampling  techniques 
methods  of  testing  are  specified.  ^  omi 


4.3  Sampling  plans.- 


V  -^fflPJAng  for  chemical  analysis.-  SanqOing  for  chemical  analysis 

shall  be  in  accordance  with  Method  111  or  112  of  Federal  Test  Method  SbaMard 

IlOe  151  • 


. .  VsSsMLtr  Samples  for  check  chemical  analysis  nay  be  waived  at 

the  discretion  of  the  inspector,  provided  that  all  of  the  material  under 
uspaction  cu  be  identified  as  being  made  from  a.  heat  paimvlously  analyzed  and 
found  to  eonfozQ  to  the  ohemloal  conqposltion  specified  in  3,2. 

^•3.2  .SaaRliBg  f or  tensile  test.-  SamiOing  for  tensile  strength 
**  Method  211  of  Federal  Test  Method  Standard  Ho.  IJKL, 

p.  or  F2  qpeolMns.  Test  ^eolmens  shall,  be  prepared  with  the  longitudinal 
axis  transverse  to  the  direction  of  rolling,  when  the  width  of  the  matwial 

pSSTifixvBs 


3 
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4*3«2*1  Mtmiber  of  Bamples.-  One  or  aore  tensile  test  sanjiles  dull  be 
seleoted  from  eaoh  ooll  submitted  for  aooeptenoe*  When  material  is  produoed  in 
duet  tora,  one  or  more  tensile  test  samples  dull  be  selected  from  eaoh  500 
or  less  sheets  of  the  same  heat  and  condition,  of  the  same  thlakness,  and  sub¬ 
mitted  for  aoeeptanoe  at  one  time. 

4*3*3  Sampling  for  bend  test,-  Two  or  more  bend  test  sauries  (one  from 
eaoh  end  of  the  ooil)  shall  be  seleoted  in  accordance  vlth  Method  231  of  Federal 
Test  Method  Standard.  No*  151  troa  eaoh  ooll  submitted  for  acceptance*  When 
material  is  produoed  in  sheet  form,  oxu  or  more  bend  test  samples  shall  be 
seleoted  in  accordance  with  Method  231  of  Federal  Test  Method  Standard  No.  151 
from  eaoh  500  or  less  sheets  of  the  same  heat  and  condition,  of  the  same  thick¬ 
ness,  and  submitted  for  acceptance  at  one  time. 

4*3.3*1  Pireparatlon  of  speolmens.-  Strip  specimens  shall  be  out  from  eaoh 
saiq>le  with  the  longitudinal  axes  transverse  to  the  direction  of  rolling. 


4*4*1  Tjxami nation  of  Product.-  Sufficient  qpot'  checks  shall  be  made  to 
insure  conformance  to  the  requirements  of  this  specification  for  surface 
condition,  identification,  dimensions,  and  workmanship. 

4*4*2  Chemical  analysis.-  ^oimens  shall  be  analysed  in  accordance  vlth 
Method  lU  or  112  of  Federal  Test  Method  Standard  No.  151.  In  the  event  of  dis¬ 
pute,  analysis  shall  be  by  Method  111.  Results  of  this  test  shall  be  id.thin 
the  limits  apeoifled  in  3*2. 

4*4*3  Tensile  test*-  Yield  strength  at  0.2  percent  permanent  set  and 
ultijaate  tensile  strength  shall  be  determined  hY  Ifethod  211  of  Federal  Test 
Method  Standard  No*  151*  Yield  strength  may  be  determined  by  either  the  offset 
or  eoctenslon-under-load  method.  Results  of  this  test  shall  be  within  the  limits 
specified  in  3.3. 

4*4*4  Bend  test.-  Specimens  shall  be  bent  oold,  either  by  pressure  or 
blows,  in  accordance  with  Method  231  of  Federal  Test  Method  Staxidard  No.  151. 

In  case  of  dispute,  tests  shall  be  made  by  pressure.  The  results  of  this  test 
shall  conform  to  the  requirements  of  3.4* 

4*5  Rejection  criteria.-  If  a  test  specimen  fails  to  conform  to  any 
of  the  tests  required  by  this  specification,  the  lot  represented  by  the  saiqple 
dull  be  rejected. 


4*6  Packaging,  packing,  and  marMi 
loqpected  f or - conformance  to  section  5* 

5*  PREPARATION  FOR  DELIVERY 

5*1  Pireservation.  packaging,  and  r 


L-  Preparation  for  delivery  shall  be 


y't-.H- 
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5*1*3-  Leyel  Haterlalfl  diall  bs  prt^erly  aeparited  bjr  eeiq;i08ltlon« 
oonditlonj  and  size  idien  prepared  for  dellvei^.  Hateriale  diall  be*  preserved 
and  packaged  in  aooordanoe  vlth  Standard  Knr-SrD-l63» 

$•1*2  Level  C.»  Materials  shall  be  prepared  for  delivery  in  aooordanoe 
vitb  the  aanufaoturer*  8  oonaerelal  praotioe. 


with  Standard  HIIr-STD-l63< 


I,-  Making  and  labeling  shall  be  in  aooordanoe 


6.  muxs 

6*1  Intended  nae.^  The  steel  is  Intended  for  use  in  the  aanufaoture  of 
aircraft  fittings  and  niseellaneous  parts.  It  is  not  cnitable  for  deep  form¬ 
ing  or  cupping  operations. 

6*2  OrdeHny  data.-  Froeuremsnt  documents  should  speoifyt 

(a)  Tltle«  number,  and  date  of  this  ^oifioation. 
b)  Coiqioeition,  size,  thibkness,  and  condition  of  tbs  steel, 
o)  Level  of  preservation,  packaging,  and  paoking  required 
(see  section  5). 

6.3  Marginal  Indlota.-  The  margins  of  this  speoifloatlon  have  been  marked 
to  indicate  where  ohanges,  deletions,  or  additions  from  the  previous  issue  have 
been  made.  This  has  been  done  as  a  oonvenlenoe  only  and  the  Government  assumes 
no  llablli'^  whatsoever  for  atqr  inaoeuraoies  in  these  notations.  Bidders  and 
oontraotors  are  cautioned  to  evaluate  the  requirements  of  this  document  based 
on  the  entire  content  as  written,  irreapeotlve  of  the  marginal  notations  and 
relationship  to  the  last  previous  issue. 


Custodians} 

Havy  -  Weps 
Mr  Force  -  AS> 


Preparing  actlvl'tyi 
Mr  Force  -  ASD 
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MIL-STD-6866 

DEPARTMENT  OF  DEFENSE 
Washington.  DC  20402 

Inspection.  Liquid  Penetrant 


1»  This  military  standard  Is  approved  for  use  by  all  Departments  and 
Agencies  of  the  Department  of  Defense. 

2.  Beneficial  comments  (recommendations,  additions,  deletions)  and  any 
pertinent  data  which  may  be  of  use  In  Improving  this  document  should  be 
addressed  to:  AFWAL/MLSE,  Standardization  Manager,  Wright-Patterson  AFB, 
Ohio  45433-6533,  by  using  the  self-addressed  Standardization  Document 
Improvement  Proposal  (DD  Form  1426)  appearing  at  the  end  of  this  document 
or  by  letter. 


D-119 


niL-STi>-babi.  ND  ■  •I'n'nii  oobS7Mi  3 


MIL-STD-6866 


CONTENTS 


Paragraph 


1.1 

1.2 

1.3 

1.3.1 

1.3.2 

1.3.3 


2.1 

2.1.1 

2.2 

2.3 


3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

3.10 

3.11 

3.12 

3.13 

3.14 

3.15 

3.16 

3.17 

3.18 

3.19 

.3.20 

3.21 

3.22 

3.23 

3.24 

3.25 


Page 


SCOPE 


Purpose  - - - 

Application  - 

Classification-  - 
Penetrant  systems 
Developers-  -  -  - 
Solvent  reraovers- 


REFERENCED  DOCUMENTS- 


Government  documents - - 

Specifications  and  standards- 

Other  publications - - 

Order  of  precedence  -  -  -  -  . 


DEFINITIONS 


Background-  -  -  - 

Black  light - - - - 

Black  light  filter - - 

Bleedout-  --  - 

Component  - - - - 

Contaminant  - 

Contracting  agency - - - 

Dark  adaptation  -  --  --  --  --  - 

Defect-  - - -  — 

Developer  —  -  - - 

Developer,  dry-  -  --  --  -  —  .. 
Developer,  nonaaueous  -  -  —  -  -  - 
Developer,  wet  (aqueous)  soluble-  -  - 
Developer,  wet  (aqueous)  suspendible* 
Drain  time —  -  --  --  —  ---- 

Drying  oven  -  -  -  - - - 

Dwell  time-  -  --  --  --  --  -  — 

Emulsifier-  -  - - - - - 

Emulsifier,  hydrophilic  -  -  -  —  - 
Emulsifier,  lipophilic-  ------ 

Etching  -------------- 

Evaluation-  -  --  --  --  --  -  — 

Fluorescence - ---- 

Government  procurement  agency  —  - 
Hydro-air  nozzle —  -  - 


D-120 


rutlon  Handling  SaruicK,  OODSTI)  Issue  97-04. 


04  04  O)  01 01 04  O)  01 01  ot  tfi  VI  ui  <n  cn  cn  oi  tn  ui  cn  01  vt  C7I  ui  •^coca>(a> 


Tm'Jll  ODbSTSO  T  ■: 


MIL-STD-bfibb  ND  ■ 


MIL-STD-6866 


CONTENTS  -  Continued. 


Page 


3.26  Indication-  -  g 

3.27  In-process-  -  - -  g 

3.28  In-service —  -  -  —  - - 6 

3.29  Inspection-  -  g 

3.30  Interpretation - g 

3.31  Linear  Indication  ---  -  g 

3.32  NOT  facility-  .  . .  g 

3.33  Penetrant  -  --  --  --  --  --  --  -  7 

3.34  Penetrant,  post  emulslfiable - -  7 

3.35  Penetrant,  solvent  removable -  -  -  7 

3.36  Penetrant,  water-washable  ------  7 

3.37  Postcleaning-  -  - - 7 

3.38  Precleaning - 7 

3.39  Prime  contractor-  -  -  7 

3.40  Relevant  Indication  ---------  7 

3.41  Reprocess  -  - -  7 

3.42  Solvent  remover  -----------  7 


4. 


GENERAL  REQUIREMENTS 


8 


Responsibility  for  Inspection  -  -  -  -  8 

4.2  Specifying-  -  --  --  --  —  - - 8 

4.3  Personnel  qualification -  8 

4.4  Materials  -  -  8 

4.4.1  Qualified  materials  -  -  - -  8 

4.4.2  LOX  compatible  materials-  -  -  -  —  -  8 

4.5  Equipment  and  facilities —  -  - - 8 

4.5.1  Processing-  -  --  --  --  --  --  --  8 

4.5.2  Viewing - 9 

4.6  Written  procedure  -  --  --  --  --  -  g 

4.7  Inspection  sequence  -  --  --  --  —  10 

4.7.1  Surface  treatment  ----------  10 

4.7.2  Surface  coatings - 10 

4.8  Materials  and  process  limitations  -  -  10 

4.9  Records  -  - - -  —  -  -  —  -  -  n 

5.  SPECIFIC  REQUIREMENTS  - -  --  12 


5.1 

5.1.1 

5.1.2 

5.1.3 

5.1.4 
5.2 


Surface  preparation  -  --  -  —  -  —  12 

Solvent  cleaning - 12 

Chemical  cleaning  -  --  --  --  --  -  12 
Mechanical  cleaning  -  --  --  —  -  _  12 

Etching  -  -  12 

Penetrant  application  and  dwell  -  12 


D-121 


tion  Huidling  Seruices,  DOOSTD  Issue  97-04. 


MIL-STD-bfiLt  ND 


OOtSTSl  1  ■ 


MIL-STD-6866 


CONTENTS  -  Continued. 


5.3 

5.3.1 

5.3.1. 1 

5.3.1. 2 

5.3.1. 3 
5.3.2 

5.3.2. 1 

5.3.2.2 

5.3.3 

5.3.4 

5.3.4.1 

5. 3.4. 2 

5. 3.4. 3 

5.4 

5.4.1 

5.4.2 

5.5 

5.5.1 

5.5.2 

5.5.3 

5.6 

5.6.1 

5.6.2 

5.6.3 

5.6.3.1 

5.7 

5.8 

5.8.1 

5.8.2 

5.8.3 

5.8.3.1 

5.8.4 

5.8.4.1 

5. 8. 4.1.1 

5.8.4.1.2 

5.8.4.1.3 

5. 8.4.1. 4 
5. 8. 4.2 


Page 


Penetrant  removal  —  -  --  --  --  -  12 
Method  A  process-  -  --  --  --  --  -  13 

Manual  spra^y - 13 

Automated  spray  -  --  --  --  --  --  13 

Manual  wipe - - - 13 

Method  B  process —  -  - - 13 

Lipophilic  emulsifier  application  and 

dwell  -  -  -  -  - - - - 13 

Rinsing - - 

Method  C  process-  -  --  --  --  --  -  14 

Method  0  process-  -  -  14 

Prerinse - 14 

Hydrophilic  emulsifier  application 

and  dwell  -  --  —  - - 14 

Postrinse  —  -  - - I4 

Drying-  - . . 

Sequence —  -------  -  15 

Drying  parameters  -  --  —  -  --  --  15 

Developing - - - -  _  15 

Dry  developers - - - 15 

Nonaqueous  developers  -  --  --  --  -  15 

Aqueous  developers,  soluble  and 

suspendible - 15 

Inspection-  -  -  15 

Type  I  processes-  -  --  —  - 16 

Type  II  processes  -  - - 16 

Evaluation - 16 

Mechanical  evaluation  -  --  --  --  -  16 

Postcleaning - 16 

Quality  assurance  provisions-  -  -  -  -  17 

Black  lights —  -  --  --  --  -- _ 17 

White  light  -  - - 17 

System  performance - 17 

Known  defect  standards-  -  -  -  —  -;  -  17  • 

Materials - - - I7 

Penetrants-  _  - _ 18 

Brightness-  -  -  18 

Mater  content  (Method  A  penetrants 

only) . - . 18 

Removability  (Method  A  penetrants 

only) . . 

Sensitivity - 18 

Emulsifiers  - - in 


D-122 


oTMtion  Hwlling  Services,  DQDSTD  Issue  97*0^. 


niL-STl^-bflbb  Nl> 


‘mnil  OOtSTSB  3 


MIL-STD-6866 


CONTENTS  -  Continued. 


Page 


5. 8. 4. 2.1  Removability-  -  is 

5. 8.4. 2. 2  Water  content  (lipophilic 

emulsifier)  -  - - is 

5. 8. 4. 2.3  Concentration  (hydrophilic 

emulsifier)  —  - - IS 

5. 8. 4. 3  Developers-  - - 19 

5. 8. 4.3.1  Dry  developer  -  --  --  --  --  --  -  19 

5. 8.4. 3. 2  Aqueous  developer  (soluble  and 

suspended)-  - - 19 

5.8.5  Inspection  area  -  --  --  —  -  _  19 

5.8.6  Operating  pressures/temperatures-  -  -  19 

5.9  Marking - 19 

5.9.1  Impression  stamping  -  -  19 

5.9.2  Etching  -  20 

5.9.3  Dyeing - - - 20 

5.9.4  Other  Identification - 20 

5.9.5  Symbols  -  --  --  --  —  -  --  -  —  20 

6.  NOTES . - . 21 

6.1  Intended  use-  -  .  21 

6.2  Nonmetal  11c  components - 21 


D-123 


HondUng  Sn^Jioes,  DGDSTD  Issue  97-04. 


MIL-STD-bflbb  ND 


□DbS7S3  S 


r 

t 


f 

► 

I 


I 


1 


MIL-STD-6866 


1.  SCOPE 

1.1  Purpose.  This  standard  establishes  the  minimum  requirements  for 
conducting  liquid  penetrant  inspection  of  nonporous,  metal  and  nonmetal 
components. 

1.2  Application.  The  penetrant  Inspection  processes  described  in  this 
standard  are  applicable  to  in-process,  final,  and  maintenance  (in-service) 
Inspections.  These  processes  are  applicable  for  the  detection  of  discon¬ 
tinuities  that  are  open  or  connected  to  the  surface  of  the  component  under 
inspection. 

1«3  Classification.  Penetrant  inspection  processes  are  classified  In 
accordance  with  the  material  classification  contained  in  MIL-I-25135. 

1-3. 1  Penetrant  systems .  Penetrant  systems  covered  by  this  standard  shall 
be  of  the  following  types,  methods  and  sensitivity  levels. 

Type 

Type  I  -  Fluorescent  dye. 

Type  II  -  Visible  dye. 

Type  III  -  Visible  and  fluorescent  dye  (dual  mode). 

Method 

Method  A  -  Water-washable. 

Method  B  -  Post  emulsiflable,  lipophilic. 

Method  C  -  Solvent  removable. 

Method  D  -  Post  emulsiflable,  hydrophilic. 

Sensitivity 

Sensitivity  Level  1  -  Low. 

Sensitivity  Level  2  -  Medium. 

Sensitivity  Level  3  -  High. 

Sensitivity  Level  4  -  Ultrahigh.  ' 

1.3.2  Devel opers .  Developers  shall  be  of  the  following  forms: 

Form  a  -  Dry  powder. 

Form  b  -  Water  soluble. 

Form  c  -  Water  suspendable. 

Form  d  -  Nonaqueous. 

Form  e  -  Specific  application. 
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1*3»3  Solvent  removers.  Solvent  removers  shall  be  of  the  following 
classes:  '  • 

Class  (11  -  Halogenated. 

Class  (2)  -  Non-halogenated. 

Class  (3)  -  Specific  application. 
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2.  REFERENCED  DOCUMENTS 

2.1  Government  documents. 

2.1.1  Specifications  and  standards.  Unless  otherwise  specified,  the 
following  specifications  and  standards,  of  the  Issue  listed  in  that  Issue  of 
the  Department  of  Defense  Index  of  Specifications  and  Standards  (DODISS) 
specified  In  the  solicitation  form  a  part  of  this  standard  to  the  extent 
specified  herein. 

SPECIFICATIONS 

MILITARY 

MIL-I-25135  Inspection  Materials,  Penetrant 

MIL-P-47158  Penetrant  Inspection,  Soundness  Requirements  for 

Materials.,  Parts,  and  Weldments 

STANDARDS 

MILITARY 

MIL-STD-410  Nondestructive  Testing  Personnel  Qualification  and 

Certification 

MIL-STD-792  Identification  Marking  Requirements  for  Special 

Purpose  Components 

NIL-STD-45662  Calibration  Systems  Requirements  ' 

(Copies  of  specifications,  standards,  drawings,  and  publications  required  by 
manufacturers  In  connection  with  specific  acquisition  functions  should  be 
obtained  from  the  contracting  activity  or  as  directed  by  the  contracting 
officer.) 

2.2  Other  publications.  The  following  documents  form  a  part  of  this 
standard  to  the  extent  specified  herein.  Unless  otherwise  specified,  the 
issues  of  the  documents  which  are  DOD  adopted  shall  be  those  listed  In  the 
solicitation.  The  Issues  of  documents  which  have  not  been  adopted  shall  be 
those  In  effect  on  the  date  of  the  cited  DODISS. 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM), 

ASTM  D95  Water  In  Petroleum  Products  and  Bituminous  Materials  by 

Distillation,  Test  for 

ASTM  D2512  Compatibility  of  Materials  with  Liquid  Oxygen 

(Impact  Sensitivity  Threshold  Technique),  Test  for 

(Application  for  copies  should  be  addressed  to  the  American  Society  for 
Testing  and  Materials,  1916  Race  Street,  Philadelphia  PA  19103.) 
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(Industry  association  standards  are  generally  available  for  reference  from 
libraries.  They  are  also  distributed  among  technical  groups  and  using 
Federal  agencies.) 


2»3  Order  of  precedence.  In  the  event  of  a  conflict  between,  the  require- 
ments  of  this  standard  and  the  references  cited  herein,  the  requirements  of 
this  standard  shall  take  precedence. 
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3.  DEFINITIONS 

3.1  Background.  The  surface  of  the  component  against  which  an  Indication 
Is  viewed. 

3.2  Black  light.  Electromagnetic  radiation  In  the  near-ultraviolet  range. 
Wavelength  Is  from  320  to  400  nm. 

3.3  Black  light  filter.  A  filter  that  transmits  near-ultrav1olet  radiation 
while  absorbing  other  wavelengths. 

3.4  Bleedout.  The  action  of  entrapped  liquid  penetrant  In  surfacing  from 
discontinuities  to  form  Indications. 

3.5  Component.  The  part(s}  or  element(s)  of  a  system  described,  assembled, 
or  processed  to  the  extent  specified  by  the  drawing. 

3.6  Contaminant.  Any  foreign  substance  present  on  the  test  surface  or  In 
the  Inspection  materials  which  will  adversely  affect  the  performance  of 
liquid  penetrant  materials. 

3.7  Contracting  agency.  A  prime  contractor,  subcontractor  or  Government 
agency  procuring  liquid  penetrant  inspection  services. 

3.8  Dark  adaptation.  The  adjustment  of  the  eye  that  enhances  visual 
perception  in  a  darkened  area. 

3.9  Defect.  A  discontinuity  or  group  of  discontinuities  that  exceed  the 
specified  acceptance  criteria  for  a  component. 

3.10  Devel oper.  A  material  applied  to  the  test  surface  to  accelerate 
bleedout  and  enhance  the  contrast  of  Indications. 

3.11  Developer,  drv.  A  fine,  free-flowing  powder  used  as  supplied. 

3.12  Developer,  nonagueous.  A  developer  that  Is  either  dissolved  or 
suspended  in  a  volatile  solvent  (other  than  water)  as  supplied,  and  rapidly 
dries  to  an  adsorptive  (or  absorptive)  coating. 

3.13  Developer,  wet  (aqueous)  soluble.  A  developer,  normally  supplied  as  a 
dry  concentrate,  that  Is  completely  soluble  In  water,  and  dries  to  an 
absorptive  (or  adsorptive)  coating. 

3.14  Developer,  wet  (aqueous)  susoendlble.  A  developer,  normally  supplied 
as  a  dry  powder  concentrate,  that  Is  suspended  In  water  and  dries  to  an 
adsorptive  (or  absorptive)  coating. 

Drain  time.  The  portion  of  dwell  time  during  which  excess  penetrant 
or  emulsifier  drains  from  the  component. 
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thS  2oS?Sne^tr  "**'**"  deve?oper  Is  dry  on 

^dit’lurfa^  w5teJ?IiishSlI'^*" 

Eroulslfler,  hydrophilic.  An  emulsifier  that  Is. water-soluble. 
water-fSluble!^^^  lipophilic.  An  emulsifier  that  Is  oil-soluble  and  not 

3.23  Fluorescence.  The  emission  of  visible  radiation  by  a  material  as  a 
result  or,  and  only  during,  the  absorption  of  black  light.  **  ‘ 

3.25  nozzle.  Water  nozzle  that  mixes  compressed  air  with  water. 

3.26  Indication.  The  visible  result  of  penetrant  bleedout. 

Is^ln  marfarn!  manufacturing  before  a  component 

IntendgrrSio;,.  *“  ““  »>•  »‘<>«se  for  their 

Tnspectlon.  Visual  examination  under  appropriate  lllumlnatinn  nf  a 
componiiff'-after  completion  of  the  liquid  peiiffTS  pre«ll]j;f  * 

lte°clisf-f?”tlon‘’df  slJh  caS™s)!“”"  1"«1cat1ons  and 

length^^ldtii'rSIlo?"'  «<»'>  •*  least  a  three  to  on. 

ti?e  l^esfsH^^vlS!  >eepons1ble  for  providing  nondestruc- 
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3.33  Penetrant.  A  solution  of  4ye  capable  of  entering  discontinuities  open 
to  the  surface. 

3.34  Penetrant,  post  emulslflable.  A  penetrant  that  requires  the  use  of  a 
separate  emulsifier  to  render  the  penetrant  water-washable. 

3.35  Penetrant,  solvent  removable.  A  penetrant  used  In  the  process  whereby 
the  excess  surface  penetrant  Is  removed  with  solvent.  Postemulsiflable  or 
water-washable  penetrants  can  also  be  used  In  the  solvent  removable  mode. 

3.36  Penetrant,  water-washable.  A  penetrant  that  contains  an  Integral 
emulsifier  or  otherwise  can  be  removed  with  water. 

3.37  Postcleaning.  The  removal  of  residual  penetrant  Inspection  materials 
after  evaluation. 

3.38  Precleaning.  The  component  cleaning  done  Immediately  before  penetrant 
inspection  processing. 

3.39  Prime  contractor.  The  organization  that  has  responsibility  to  the 
Government  for  the  total  system.  The  prime  contractor  may  be  the  Government 
In  the  procurement  of  such  Items  as  spare  parts,  special  Items,  or  basic 
materials. 

3.40  Relevant  Indication.  An  Indication  of  a  true  discontinuity. 

3.41  Reprocess.  Repeat,  after  cleaning,  the  application  and  appropriate 
processing  of  penetrant,  emulsifier  (as  required)  and  developer  (as 
required). 

3.42  Solvent  remover.  A  volatile  solvent  that  Is  used  to  remove  excess 
surface  penetrant. 
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4.  GENERAL  REQUIREMENTS 

4.1  Responsibility  for  Inspection.  Unless  otherwise  specified  In  the 
contract  or  purchase  order,  the  prime  contractor  Is  responsible  for  the 
performance  of  all  Inspection  requirements  as  specified  herein.  The  prime 
contractor  shall  specify  more  stringent  requirements  than  the  minimum 
specified  In  this  standard  when  necessary  to  assure  that  a  component  meets 
Its  functional  and  re1.1ab111ty  requirements.  Except  as  otherwise  specified, 
the  supplier  may  utilize  his  own  facilities  or  any  other  facilities  suitable 
for  the  performance  of  the  Inspection  requirements  specified  herein.  The 
Government  reserves  the  right  to  perform  any  of  the  Inspections  set  forth  In 
the  standard  where  such  Inspections  are  deemed  necessary  to  assure  that 
supplies  and  services  conform  to  prescribed  requirements. 

4.2  Specifying.  When  Inspection  Is  required  In  accordance  with  this 
standard,  orders,  contracts  or  other  appropriate  documents  shall  Indicate 
the  criteria  by  which  components  are  Judged  acceptable.  An  example  of  such 
criteria  Is  contained  In  MIL-P-47158;  however,  other  criteria  may  be 
utilized.  Engineering  drawings  or  other  applicable  documents  shall  Indicate 
the  acceptance  criteria  for  the  entire  component;  zoning  may  be  used. 
Inspection  on  a  sampling  basis  shall  not  be  allowed  unless  specifically 
permitted  by  the  contract. 

4.3  Personnel  qualification.  Personnel  making  accept/reject  decisions 
described  In  this  standard  shall  be  qualified  to  at  least  Level  II  In  liquid 
penetrant  Inspection  In  accordance  with  MIL-STD-410.  Personnel  performing 
the  processing  as  described  in  this  standard  shall  be  qualified  to  at  least 
Level  I  In  liquid  penetrant  Inspection  In  accordance  with  MIL-STD-410.  If  a 
Level  I  performs  the  processing.  It  shall  be  under  the  direct  supervision  or 
observation  of  a  Level  II  or  higher  Individual. 

4.4  Materials. 

4.4.1  Quail  If  1  ed  materi  al  s .  Only  materials  listed  or  approved  for  listing 
on  QPL-25135  (reference  MIL-I-25135)  shall  be  utilized  for  penetrant  Inspec¬ 
tion.  Materials  not  conforming  to  the  requirements  of  MIL-I-25135  may  be 
used  only  when  a  waiver  Is  obtained  from  the  contracting  agency. 

4.4.2  jj)X  compatible  materials.  Penetrant  materials  tested  In  accordance 
with  Asm  02512  and  passing  at  70  foot-pounds  (95J)  or  higher,  shall  be  used 
on  LOX  (Liquid  O^Qrgen)  wetted  surfaces  which  cannot  be  thoroughly  post- 
cleaned.  Use  of  these  materials  shall  be  in  accordance  with  the  material 
supplier  Instructions  and  shall  require  approval  of  the  contracting  agency 
when  such  materials  do  not  meet  the  requirements  of  HIL-I-25135. 

4.5  Equipment  and  facilities. 

4.5.1  Processing.  The  penetrant  Inspection  processing  equipment  shall  be 
constructed  and  arranged  to  permit  a  uniform  and  controlled  operation. 
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The  equipment  shall  meet  all  applicable  national  and  local  safety 
requirements  as  well  as  the  requirements  specified  herein. 


^!5.2  Viewing.  Viewing  areas  shall  be  kept  clean  at  all  times.  For 
visible  dye  Inspection,  Type  II,  the  lighting  system  shall  provide  at  least 
100  foot-candles  (1000  lx/m2)of  white  light  at  the  surface  of  the  component 
being  Inspected.  For  stationary  fluorescent  dye  Inspection,  Type  I,  the 
ambient  white  light  background  shall  not  exceed  2  foot-candles  (20  Ix/m*) 
and  the  black  lights  shall  provide  a  minimum  of  800  micro  watts/cm*  when 
measured  15  Inches  (38  cm)  from  the  front  face  of  the  black  light  filter  or 
bulb.  Viewing  areas  for  portable  fluorescent  dye  Inspection  shall  utilize 
dark  canvas,  photographer's  black  cloth,  or  other  methods  to  reduce  the 
white  light  background  to  the  lowest  possible  level  during  Inspection  and 
black  light  Intensity  shall  be  adequate. 


4.6  Written  procedure.  All  liquid  penetrant  inspections  shall  be  performed 
to  a  specific  written  procedure  that  Implements  the  requirements  of  this 
standard  for  the  components  under  test.  Since  the  Inspection  procedures  are 
similar  for  many  components,  a  master  written  procedure  may  be  utilized  that 
covers  the  details  common  to  a  variety  of  components.  As  a  minimum,  the 
following  Information  Is  required  either  In  individual  procedures,  a  master 
procedure,  or  a  combination  thereof: 


a.  Details  of  the  precleaning  and  etching  process.  Including  the 
materials  used,  the  drying  parameters  and  the  processing  times.  If  these 
operations  are  performed  by  other  than  inspection  personnel,  details 
concerning  the  operations  may  be  specified  in  other  documents  but  must  be 
referenced  In  the  procedure(s). 


b.  Classification  of  the  penetrant  Inspection  materials  required  In 
accordance  with  MIL-I-25135. 


c.  Complete  processing  parameters  for  the  penetrant  inspection 
materials  including  dwell  times,  application  methods,  drying  times, 
concentrations,  temperatures,  and  controls  to  prevent  excessive  drying  of 
penetrant  or  overheating  of  component,  as  appropriate. 

d.  Complete  Inspection/evaluation  requirements  Including  light 
Intensities  (both  Inspection  and  ambient),  the  accept/reject  criteria  and 
the  method  and  location  of  marking  (see  5.9). 

e.  Identification  of  the  components  or  areas  within  a  component  to  be 
inspected  in  accordance  with  the  proncedure. 

..u  Complete  postcleaning  procedures.  If  postcleaning  Is  performed  by 
other  than  Inspection  personnel,  details  concerning  this  operation  may  be 
specified  in  other  documents,  but  must  be  referenced  In  the  procedure. 
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Inspection  sequence.  Final  penetrant  inspection  shall  be  performed 
after  completion  of  all  operations  that  could  cause  surface  connected 
discontinuities.  Such  operations  include,  but  are  not  limited  to,  grindinq. 
welding,  straightening,  machining,  and  heat  treating. 

Surface  treatment.  Final  penetrant  inspection  may  be  performed  prior 
to  treatments  that  can  smear  the  surface  but  not  by.  themselves  cause  surface 
discontinuities.  Such  treatments  Include,  but  are  not  limited  to,  vapor 
blasting,  deburring,  sanding,  buffing,  sandblasting,  lapping,  or  peening. 
Performance  of  final  penetrant  inspection  after  such  surface  treatments 
requires  that  etching  be  included  in  the  precleaning  operation. 

J*7.2  Surface  coatings.  Final  penetrant  inspection  shall  be  performed 
before  surrace  coatings  such  as  paint,  primer,  anodize,  plating,  and  thermal 
barrier,  are  applied.  Final  penetrant  inspection  may  be  performed  after 
conversion  coatings  are  applied  provided  that  preparation  for  the  coating 
included  an  etch.  Chrome  plated  surfaces  shall  be  inspected  after  final 
grinding  only  when  specifically  required.  In-service  components,  unless 
otherwise  specified,  shall  be  Inspected  after  removal  of  surface  coatings 
and  etching.  ^ 

Materials  and  process  limitations.  Not  all  penetrant  sensitivity 
levels,  marerlals,  and  process  methods  are  applicable  to  all  inspection 
requirements.  The  sensitivity  level  shall  be  adequate  for  the  intended 
purpose  of  the  inspection.  Unless  there  is  an  approval  for  deviation  given 
tjie  contracting  agency,  the  following  selections  are  mandatory  or 
forbidden,  as  indicated: 

..c!h  soluble)  developers  shall  not 

be  “sed  with  Type  II  (visible  dye)  penetrant  systems.  This  is  not  intended 
to  prohibit  the  use  of  a  Form  e  deve.loper  that  has  been  qualified  with  a 
particular  Type  II  system  in  accordance  with  MIL-I-25135. 

b.  Type  II  penetrant  inspection  shall  not  be  used  for  final  accept¬ 
ance  inspection  of  aerospace  products.  In  addition.  Type  II  penetrant 
inspection  shall  not  be  used  prior  to  a  Type  I  penetrant  inspection  of  the 
same  surface.  This  is  not  intended  to  eliminate  the  use  of  in-process  Type 

where  subsequent  fabrication/forming  operations  remove  the 
surfaces  inspected. 

c.  The  maintenance  or  overhaul  inspection  of  turbine  engine  critical 
components  shall  be  done  only  with  Type  I,  Method  D  (post  emulsified, 
hydrophilic)  processes  and  either  sensitivity  Levels  3  or  4  penetrant 
materials. 

d.  Penetrant  Inspection  without  a  developer  shall  be  allowed  only  for 
those  penetrant  systems  listed  in  QPL-25135  as  having  met  the  appropriate 
sensitivity  level  requirement  without  a  developer.  However,  the  use  of  a 
developer  is  mandatory  for  any  in-service  inspection. 
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4.9  Records.  The  results  of  all  penetrant  Inspections  shall  be  recorded. 
All  recorded  results  shall  be  Identified,  filed,  and  made  available  to  the 
contracting  agency  upon  request.  Records  shall  provide  for  traceability  to 
the  specific  part  or  lot  Inspected.  As  a  minimum,  the  records  shall  ' 
Include:  a  reference  to  the  specific  procedures  used;  location, 
classification,  and  disposition  of  relevant  Indications;  the  Inspector's 
signature  and  certification  level;  and  the  date  of  Inspection. 
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5.  SPECIFIC  REQUIREMENTS 

Surface  Preparation.  All  surfaces  to  be  Inspected  shall  be  clean,  dry, 
OT  soils,  oil,  grease,  paint  and  other  coatings,  corrosion 
products,  scale,  smeared  metal,  welding  flux,  chemical  residues  or  any  other 
material  ttat  could  prevent  the  penetrant  from  entering  discontinuities, 
suppress  ^e  performance,  or  produce  unacceptable  background.  Cleaning 
methods.  Including  etching,  selected  for  a  particular  component  shall  be 
consistent  with  the  contaminants  to  be  removed  and  shall  not  be  detrimental 
to  the  component  or  Its  Intended  function. 

cleaning.  Solvent  cleaning,  which  Includes  vapor  degreasing 
and  ultrasonic  cleaning,  shall  be  used  for  the  removal  of  oils,  greases, 
waxes  and  as  the  final  cleaning  step  prior  to  penetrant  Inspection* 

Chemical  cleaning.  Chemical  cleaning  shall  be  used  for  the  removal 
Of  paints,  varnishes,  scale,  carbon,  or  other  contaminants  that  are  not 
removable  by  solvent  cleaning  methods. 

5.1.3*  Mechanical  cleaning.  Mechanical  cleaning  shall  be  used  for  the 
removal  of  soils  and  other  contaminants  that  cannot  be  removed  by  solvent  or 
chemical  cleaning  methods. 

Etching.  Etching,  unless  otherwise  specified,  shall  be  performed 
wnen  evidence  exists  that  previous  cleaning,  surface  treatments,  or  service 
usage  has  produced  a  surface  condition  that  degrades  the  effectiveness  of 
penetrant  Inspection.  Etching  processes  shall  be  developed  and  controlled 
to  prevent  damage  to  the  component  under  test.  Etching  Is  not  required  for 
those  features  such  as  close  tolerance  holes,  close  tolerance  surfaces, 
faying  surfaces,  etc.  .  where  the  function  of  the  component  or  assembly  would 
be  degraded.  Etching  Is  not  required  for  Intermediate  Inspections  when  the 

final  part/component  configuration  or 
wn6n  the  flndi  penetrent  Inspection  Is  preceded  by  etching* 

5*2  Penetrant  application  and  dwell.  Unless  otherwise  specified,  the 
entire  surface  of  the  component  shall  be  covered  with  penetrant.  Those 
areas  not  to  be  covered  with  penetrant  shall  be  masked  or  otherwise 

Penetrant  shall  be  applied  by  spraying,  dipping  or  brushing  to 
provide  coverage  as  required.  The  component,  penetrant,  and  ambient 
temperatures  shall  all  be  In  the  range  of  4®  -  49®C  (40®  -  120®Fi  unless 
otherwise  s^clfled.  The  dwell  time,  unless  otherwise  specified,  shall  be  a 
minimum  of  10  minutes.  Rotate  or  otherwise  move  components.  If  required, 
during  dwell  to  prevent  pooling  of  the  penetrant.  For  dwell  times  greater 
than  Z  hours,  the  penetrant  shall  be  reapplied  as  required  to  prevent 
drying.  The  component  shall  be  Immersed  In  penetrant.  If  that  Is  the 
application  method,  no  more  than  1/2  the  total  dwell  time. 

5.3  Penetrant  removal. 
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5.3.1  Method  A  process.  Water-washable  penetrants  shall  be  removed  with  a 
nMinual  or  automated  water  spray  or  a  manual  wipe.  Immersion  In  agitated 
water  shall  be  permitted  only  for  Level  1  and  Level  2  sensitivity  processes. 

5.3. 1.1  Manual  spray.  Maximum  water  pressure  shall  be  275  kPa  (40  psi). 
Water  temperature  shall  be  between  10®  -  38®C  (50®  -  100®F).  A  coarse  spray 
shall  be  used  with  a  minimum  of  30  cm  (12  Inches),  when  possible  between  the 
spray  nozzle  and  the  part.  Hydro-air  nozzles  shall  be  permitted  only  for 
Level  1  or  Level  2  sensitivity  processes  with  a  maximum  of  172  kPa  (25  psi) 
added  air  pressure.  Washing  shall  be  conducted  under  appropriate 
Illumination  to  assure  that  over-washing  does  not  occur.  Washing  times 
shall  be  held  to  a  minimum  to  prevent  over-washing.  If  over-washing  occurs, 
the  component(s)  shall  be  thoroughly  dried  and  reprocessed.  After  rinsing, 
drain  water  from  the  component  and  utilize  repositioning,  suction,  blotting 
with  clean  absorbent  materials,  or  filtered  shop  air  at  less  than  170  kPa 
(25  psi)  to  prevent  pooling. 

5.3. 1.2  Automated  spray.  For  automated  spray  systems,  the  wash  parameters 
shall  be  such  that  the  requirements  of  this  standard  are  met.  Water 
temperature  shall  be  maintained  between  10®  -  38®C  (50®  -  100®F). 

5. 3. 1.3  Manual  wipe.  Excess  penetrant  shall  be  removed  with  a  clean,  dry, 
lint  free  cloth  or  absorbent  toweling.  The  remainder  of  the  surface 
penetrant  shall  then  be  removed  with  a  water  dampened  cloth  or  towel.  The 
surface  shall  not  be  flushed  with  water  and  the  cloth  or  towel  shall  not  be 
saturated  with  water.  The  component  shall  be  examined  under  appropriate 
Illumination  to  assure  adequate  removal  of  the  surface  penetrant.  Over¬ 
removal  of  the  surface  penetrant  shall  require  that  the  component  be  cleaned 
and  reprocessed.  The  surface  shall  be  dried  by  blotting  with  a  clean,  dry 
towel  or  cloth,  or  by  evaporation. 

^•3«2  Method  B  process.  Lipophilic  post  emulsified  penetrant  systems  shall 
be  removed  by  water  Immersion  or  with  a  water  spray  rinse  after  application 
of  an  emulsifier  and  an  appropriate  emulsifier  dwell  time. 

5.3.2,!  Lipophilic  emulsifier  application  and  dwell.  Lipophilic 
emulsifiers  shall  be  applied  by  immersion  or  flowing.  Lipophilic 
emulsifiers  shall  not  be  applied  by  spray  or  brush  and  shall  not  be  agitated 
while  on  the  surface  of  the  component.  Maximum  dwell  times,  unless 
otherwise  specified,  shall  be  3  minutes  for  Type  I  systems  and  30  seconds 
for  Type  II  systems.  Actual  dwell -times  shall  be  the  minimum  necessary  to 
produce  an  acceptable  background  on  the  component. 

5. 3.2. 2  Rinsing.  After  the  appropriate  emulsifier  dwell  time,  emulsifica¬ 
tion  shall  be  stopped  by  immersion  or  water  spray.  For  spray  removal  of  the 
penetrant/emulsifier  mixture,  the  parameters  of  5.3.1  apply.  Dwell  time  In 
an  agitated  Immersion  rinse.  If  used,  shall  be  the  minimum  required  to  . 
remove  the  emulsified  penetrant.  Examine  the  components  under  appropriate 
Illumination  after  rinsing.  Clean  and  reprocess  those  components  with 
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rinsing  shall  be  free  of  any 

4^®^  Will  leave  a  residue  on  the  component  when  dried.  After 
MoJUSA  from  the  component  and  utilize  repositioning,  suction, 

materials  or  filtered  shop  air  at  less  than 
ihS  E  to  prevent  pooling.  If  over-emulsification  is  observed, 

the  component  must  be  cleaned  and  reprocessed. 

5*3*3  Method  C  process.  Solvent  removable  penetrants  are  removed  by  first 
wiping  tRTwcisspen^rant  with  a  clean,  lint  free,  dry  cloth  or  absorbent 

soyvllt^rfa  fhf.  surface  penetrant  is  then  removed  with  a 

solvent  dampened  lint  free  cloth  or  towel.  The  surface  of  the  component 

with  solvent  and  the  cloth  or  towel  shall  not  be 
saturated  with  solvent.  The  component  and  cloth  or  toweling  shall  be 

appropriate  illumination  to  assure  adequate  removal  of  the 
®''®*'“*^®'"0''al  of  the  surface  penetrant  shall  require  the 
reprocessed.  The  surface  shall  be  dried  by 
blotting  with  a  lint  free  dry  cloth  or  towel,  or  by  evaporation.  ^ 

Method  p  process.  Hydrophilic  post  emulsified  penetrant  systems  shall 
•aSd IhelTjisirLse!®''  the  hjdrophilic'ffifier 

5.3.4.1  Prerinse.  The  water  prerinse  shall  be  applied  for  the  minimum 

hlT+hf^J”  the  concentration  shall  be  no  higher  than  s^cified 

**“1  shall  not  exceed  35  percent  by  volume. 

or  part  shall  be  mildly  agitated. 
Iwen  time  shall  be  the  minimum  required  for  adequate  penetrant  removal  but 

sP®®^f^®d.  Shall  Jot  exceed  2  minutes.  For  SJrS  ’ 
applications,  the  concentration  shall  not  exceed  5  percent. 

-gggtrinse.  After  the  application  and  dwell  of  the  hydrophilic 
^he  component  under  test  shall  be  rinsed  with  water.  The  water 
•ftlJ  Of  contaminants  that  coaid  leave  a  resIteoH  “rcoiSnS? 

SiirrJZJil'chlf?  ^^^^4  *"^IIu®  P®>^®'"®te»*s  of  5.3.1  shall  apply.  Evidence  of 
pJrlrnjf  ^^®  P®^  ‘’®  cl®®"®^  reprocessed. 

P®  removed  by  additional  (touch-up)  application  of 
P'*®'^^**®**  the  maximum  allowable  dwell  time  is  not 
exceeded  for  the  hydrophilic  emulsifier.  Additional  rinsing  of  the  touch-un 
area  will  be  required  after  application  and  dwell  of  the  hydrophilic  ^ 
emulsifier.  If  careful  touch-up  application  of  the  hydrophilic  emulsif'ipr< 
does  not  produce  an  acceptable  background,  th^part  shall'^be  cleS  iS 
reprocessed.  Manual  systems  shall  require  the  use  of  appropriate 
illumination  to  assure  adequate  penetrant  removal. 
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5.4  Drying. 

5.4.1  Sequence.  The  components  shall  be  dried  prior  to  the  application  of 
dry  developer,  nonaqueous  developer,  or  inspection  without  developer.  The’ 
components  may  be  dried  before  the  application  of  aqueous  soluble  or 
suspendible  developers.  The  components  shall  be  dried  after  the  application 
of  aqueous  developers. 

Drying  parameter^.  Components  shall  be  air  dried  at  room  temperature 
0**  a  drying  oven.  Oven  temperature  shall  not  exceed  70*C  (ISCF)  and 
drying  time  shall  not  exceed  that  necessary  to  adequately  dry  the  component. 
Components  shall  not  be  placed  In  the  oven  with  pooled  water  or  pooled 
aqueous  solutions/suspensions. 

5.5  Developing.  Unless  otherwise  specified,  developers  shall  be  utilized 
for  penetrant  Inspection  In  accordance  with  the  requirements  of  this 
standard.  Ty^  I  penetrants  that  are  qualified  to  MIL-I-25135  without  the 
standard  dry  developer  are  so  noted  In  QPL-25135  and  may  be  used  without 
developer.  Minimum  and  maximum  dwell  times  without  developer  shall  be  10 
minutes  and  2  hours  respectively.  For  all  developing  conditions,  components 
that  are  not  Inspected  before  the  maximum  dwell  time  shall  be  cleaned  and 
reprocessed. 

Dry  devel opers »  Components  shall  be  dry  before  the  developer  Is 
applied.  Dry  developer  shall  be  applied  In  such  a  manner  as  to  contact  all 

Minimum  dry  developer  dwell  shall  be  10  minutes; 
the  maximum  dwell  shall  be  4  hours.  Excess  dry  developer  may  be  removed 

imrlpl  JrJlneJrante  deJelopers^han  no?  blTsed 

Nonaqueous  developers.  Components  shall  be  dry  before  application  of 
the  developer. Nonaqueous  developer  shall  be  applied  by  spraying  only.  For 

over  ^5®  developer  shall  be  applied  as  a  uniform  thin  coating 

over  the  entire  surface  to  be  Inspected.  For  Type  II  penetrants,  the 
developer  shall  be  applied  over  the  entire  surface  to  form  a  uniform,  white 
coating  to  provide  suitable  color  contrast  for  the  penetrant  Indications. 

The  uniformity  and  thickness  of  the  developer  coating  Is  Important  for  both 
types  of  penetrant  systems.  If  the  developer  coating  thickness  Is  too  heavy 
for  Type  I  systems  such  that  the  metallic  surface  Is  completely  masked,  the^ 

cleaned  and  reprocessed.  The  minimum  and  maximum  dwell 
times  for  nonaqueous  developers  are  10  minutes  and  T  hour  respectively. 

developer,  the  developer  container  shall  be 
Trequently  agitated  during  application. 

and  suspendible.  Aqueous  developers  may 
component  after  rinsing,  or  they  may  be  applied  after  the 
component  Is  dry.  Aqueous  soluble  developers  shall  not  be  used  with  Type  II 

^  ponetrants  unless  otherwise  specified. 

Aqueous  suspendible  developers,  unless  otherwise  specified,  shall  not  be 
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used  wUh  Type  I  penetrants.  Developers  shall  be  applied  by  spray,  flowing 
or  Immersion.  The  applied  developer  shall  not  be  allowed  to  puddle  and 
shall  completely  cover  all  surfaces  to  be  Inspected.  Components  shall  be 
air  dried  or  oven  dried  to  the  requirements  of  5.4.2.  Minimum  and  maximum 
dwell  times,  after  the  component  Is  dry,  are  10  minutes  and  2  hours. 

5.6  Inspection.  The  viewing  area  shall  meet  the  appropriate  requirements 
of  Components  shall  be  Inspected  before  the  maximum  developing  dwell 

time,  and  If  required  by  specific  procedures,  monitored  periodically  during 
the  developing  dwell  tine.  Components  not  inspected  before  the  maximum 
developing  dwell  time  shall  be  cleaned  and  repif*ocessed. 

Type  I  processes.  Personnel  shall  be  dark  adapted  for  a  minimum  of  1 
•"■•fute  prior  to  inspecting  components  and  shall  not  wear  photochroraic  or 
permanently  darkened  lenses.  Black  lights  shall  provide  a  minimum  of  1200 
micro  watts/cra*  at  the  component  surface  and  be  positioned  so  that  the 
Ins^ctlon  of  the  component  Is  not  Impeded.  All  areas  of  fluorescence  shall 
be  Interpreted.  Components  with  no  Indications  or  only  non-frelevant 
indications  shall  be  accepted.  Components  with  relevant  indications  shall 
be  evaluated  against  the  appropriate  acceptance  criteria.  Components  with 
excessive  background  fluorescence  shall  be  cleaned  and  reprocessed. 

Type  II  processes.  All  Indications  shall  be  Interpreted.  Components 
with  no  Indications  or  only  non-relevant  Indications  shall  be  accepted. 
Components  with  relevant  Indications  shall  be  evaluated  against  the 
appropriate  acceptance  criteria.  Components  with  excessive  background  shall 
be  cleaned  and  reprocessed. 


5.6.3  Evaluation.  If  allowed  by  the  specific  procedure.  Indications  may  be 
evaluated  by  wiping  the  Indication  with  a  solvent  dampened  swab,  allowing 
the  area  to  dry,  and  redeveloping.  Redevelopment  time  shall  be  as  long  as 
J  d®velopment  time.  If  no  Indication  re-appears,  the  original 

indication  Is  considered  false.  This  procedure  may  be  performed  twice  for 

Indication,  Unless  allowed  by  a  specific  procedure* 
Indications  of  cracks,  laps,  and  folds  shall  be  cause  for  rejection. 
Indications  that  exceed  the  specific  acceptance  criteria  for  the  component 
shall  be  cause  for  rejection. 


5. 6. 3.1  Mechanical  evaluation.  When  allowed  by  the  specific  Inspection 
procedure.  Indications  may  be  removed  by  an  approved  procedure  such  as 
sanding,  either  powered  or  manual,  or  grinding  to  determine  the  depth  and 
extent  of  the  discontinuity.  After  the  mechanical  operation,  the  area  shall 
be  cleaned,  etched,  and  re-inspected.  The  process  used  for  re-inspection 
shall  be  at  least  as  sensitive  as  the  original  process. 

5.7  Postcleaning.  Components  shall  be  cleaned  after  Inspection  to  remove 
developers  and  other  Inspection  material  residues  If  they  are  detrimental  to 
subsequent  operations  or  the  components'  Intended  function. 
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5.8  Quality  assurance  provisions.  This  section  provides  the  controls 
necessary  to  assure  that  the  penetrant  system  materials  and  equipment 
provide  an  acceptable  level  of  performance.  The  frequency  of  the  required 
checks  is  based  upon  a  facility  operating  for  a  full,  one-shift-operation 
daily.  For  facilities  operating  less  frequently,  the  frequency  of  daily  and 
weekly  checks  may  be  reduced,  but  must  be  performed  prior  to  inspections. 
Other  checks  should  be  performed  at  the  same  frequency  as  for  full  time 
operations.  The  NOT  facility  may  perform  these  process  control  operations 
or  contract  for  their  performance  with  an  Independent  laboratoty. 

5.8.1  Black  lights.  All  black  lights  shall  be  checked  daily,  and  after 
bulb  replacement,  for  output.  A  longer  period  may  be  used  if  a  plan 
justifying  this  extension  is  prepared  by  the  NOT  facility  and  approved  by 
the  contracting  agency.  Minimum  acceptable  intensity  is  800  micro  watts/cm* 
measured  at  a  distance  of  at  least  38  cm  (15  inches)  from  the  front  of  the 
bulb  or  filter.  Black  light  reflectors  and  filters  shall  be  checked  daily 
for  cleanliness  and  integrity.  Damaged  or  dirty  reflectors  or  filters  shall 
be  replaced  or  corrected  as  appropriate. 

5.8.2  White  light.  Viewing  areas  for  Type  II  penetrant  systems  shall  be 
checked  weekly  to  assure  a  minimum  of  100  foot-candles  (1000  Ix/m*)  white 
light  Intensity  at  the  working  level  (for  exan^le,  bench  or  table  top). 

5.8.3  System  performance.  The  penetrant  system  shall  be  checked  daily  for 
performance.  The  check  shall  be  made  with  known  defect  standards.  The 
check  shall  be  performed  by  processing  the  known  defect  standard  through  the 
system  using  appropriate  processing  parameters  and  comparing  the  indications 
thus  obtained  to  those  obtained  with  unused  samples  of  the  same  materials. 
This  comparison  may  be  made  with  photographs  or  other  such  records  of 
previously  obtained  indications  or  with  a  similar  known  defect  standard 
processed  with  the  unused  materials.  When  the  performance  of  the  in-use 
materials  falls  below  the  performance  of  the  unused  materials,  the  in-use 
material  quality  shall  be  checked  with  the  appropriate  tests  and  corrected 
prior  to  conducting  any  penetrant  Inspection  in  accordance  with  this 
standard. 

5.8.3. 1  Known  defect  standards.  The  selection  and  procedures  for  the 
maintenance  of  known  defect  standards  shall  be  approved  by  the  contracting 
agency.  The  defects  in  the  standard  shall  be  capable  of  demonstrating 
unsatisfactory  systan  performance.  The  maintenance  procedures  shall  assure 
that  cleaning  of  the  standards  between  usages  is  adequate  and  that  physical 
changes  in  the  standard  that  make  it  unsuitable  for  use  can  be  detected. 

5.8.4  Materials.  Prior  to  being  placed  in  use,  the  conformance  of 
materials  to  the  requirements  of  MIL-I-25135  shall  be  verified.  Use  of 
materials  not  conforming  to  MIL-I-25135  shall  be  approved  by  the  contracting 
agency  and  shall  be  allowed  only  when  materials  conforming  to  MIL-I-25135 
are  inadequate  for  the  particular  application.  Operators  shall  be  alert  to 
any  changes  in  performance,  color,  odor,  consistency  or  appearance  of  all 
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penetrant  ma^terlals  In  use  and  shall  conduct  the  appropriate  checks  and 
tests  If  they  have  reason  to  believe  the  quality  way  have  deteriorated. 
Penetrant  inspection  shall  be  conducted  In  accordance  with  this  standard 
only  after  acceptable  quality  of  materials  has  been  established. 

5.8.4. 1  Penetrants.  The  following  checks  on  in-use  penetrants  shall  be 
conducted  at  least  monthly  with  the  exception  of  brightness  which  shall  be 
conducted  at  least  quarterly.  Unsatisfactory  performance  shall  be  cause  for 
replacement  of  the  in-use  material  or  corrective  action  as  appropriate. 

5.8.4. 1.1  Brightness.  Brightness  tests  of  in-use  penetrants  shall  be 
conducted  in  accordance  with  MlL-I-25135  with  a  sample  of  the  unused 
penetrant  serving  as  the  reference.  Brightness  values  less  than 

90  percent  of  the  unused  penetrant  brightness  are  unsatisfactory. 

5.8.4. 1.2  Water  content  (Method  A  penetrants  only).  Water  content  of 
in-use  Method  A  penetrants  shall  be  measured  in  accordance  with  ASTM  D  95. 
Water  content  in  excess  of  5  percent  by  volume  is  unsatisfactory. 

5. 8.4. 1.3  Removability  (Method  A  penetrants  only).  The  removability  of 
Method  A  penetrants  shall  be  tested  1n  accordance  with  MIL-I-25135  with  a 
sample  of  the  unused  penetrant  serving  as  a  reference.  If  the  removability 
is  noticeably  less  than  the  reference,  the  in-use  penetrant  shall  be 
replaced. 

5. 8.4. 1.4  Sensitivity.  The  sensitivity  of  penetrants  shall  be  checked  in 
accordance  with  the  procedures  of  5.8.3  where  the  in-use  penetrant  is  used 
with  the  unused  emulsifier,  if  applicable,  and  unused  developer  if 
applicable  and  compared  to  the  results  obtained  using  the  unused  penetrant, 
unused  emulsifier,  if  applicable,  and  unused  developer.  Sensitivity  of  the 
in-use  penetrant  noticeably  less  than  the  reference  is  unsatisfactory. 

5.8.4.2  Emulsifiers.  The  following  checks  on  in-use  emulsifiers  shall  be 
performed  as  specified.  Unsatisfactory  performance  shall  be  cause  for 
replacement  of  the  in-use  emulsifier  or  corrective  action  as  appropriate. 

5.8.4.2.1  Removability.  Removability  of  the  in-use  emulsifier  shall  be 
checked  weekly  in  accordance  with  MIL-I-25135.  The  in-use  emulsifier  will 
be  used  with  the  unused  penetrant  and  compared  to  the  reference  system  of 
unused  emulsifier  used  with  the  unused  penetrant.  Removability  less  than 
that  of  the  reference  system  is  unsatisfactory. 

5.8.4. 2. 2  Water  content  (lipophilic  emulsifierl.  Water  content  shall  be 
checked  monthly  in  accordance  with  ASTM  D  95.  Water  content  in  excess  of 
5  percent  is  unsatisfactory. 

5.8.4. 2. 3  Concentration  (hydrophilic  emulsifierl.  Concentration  of 
immersion  solutions  shall  be  checked  weekly  with  a  refractometer.  Variation 
of  concentration  greater  than  three  percentage  points  from  the  initial, 
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unused  concentration  Is  unsatisfactory*  Spray  concentrations  shall  be 
checked  weekly  with  the  refractoroeter  and  shall  not  exceed  the  specified 
concentration  for  the  system. 

5. 8. 4. 3  Developers.  The  following  checks  on  In-use  developers  shall  be 
performed  as  specified.  Unsatisfactory  performance  shall  be  cause  for 
replacement  or  corrective  action  as  appropriate. 

5.8.4. 3.1  Dr’y  developer.  Dry  developer  shall  be  checked  dally  to  ensure  It 
Is  fluffy  and  not  caked.  Caked  dry  developer  Is  unsatisfactory.  For  dry 
developer  that  Is  recycled,  10  or  more  fluorescent  specks  observed  In  a 

10  cm  (4  Inch)  circle,  when  a  sample  Is  spread  Into  a  thin  layer  on  a  flat 
surface.  Is  unsatisfactory. 

5.8.4. 3.2  Aqueous  developer  (soluble  and  suspended).  Aqueous  developers 
shall  be  checked  dally  for  fluorescence,  as  appropriate,  and  coverage. 
Immerse  a  clean  aluminum  panel,  about  8  cm  x  25  cm  (3  Inches  x  10  Inches) 
and  remove  for  drying  and  observation  under  a  black  light,  as  appropriate. 
Failure  to  uniformly  wet  the  panel  or  observed  fluorescence  Is 
unsatisfactory.  Concentration  shall  be  checked  weekly  with  a  hydrometer 
and  shall  be  In  accordance  with  the  developer  supplier  recommended 
concentration. 

5.8.5  Inspection  area.  The  Inspection  area  for  stationary  Type  I  systems 
shall  be  checked  weekly  for  cleanliness,  freedom  from  fluorescent 
contamination,  and  residual  white  light  background.  Background  white  light 
shall  not  exceed  2  foot-candles  (20  Ix/ra*),  and  the  area  shall  be  free  of 
clutter  and  fluorescent  contamination. 

5*® *6  Operating  pressures/temperatures.  Indicators  and  controls  shall  be 
checked  at  the  start  of  each  shift  to  assure  proper  settings.  Those 
Indicators  displaying  out  of  control  settings  shall  be  adjusted  to  the 
proper  settings.  Indicators  and  controls  shall  be  calibrated  at  Intervals 
in  accordance  with  MIL-STD-45662. 

5.9  Harking.  Unless' otherwise  specified,  each  component  which  has  been 
penetrant  inspected  and  found  to  conform  to  the  requirements  of  this 
stendard  and  the  acceptance  requirements  of  the  contract  or  purchase  order 
shall  be  marked  as  specified  herein.  Marking  shall  be  applied  In  a  manner 
and  location  that  Is  harmless  to  the  component,  or  Its  Intended  function, 
and  to  preclude  removal,  smearing  or  obliteration  by  subsequent  handling. 

When  subsequent  processing  would  remove  such  identification,  the  records 
accompanying  the  component  shall  be  marked.  The  methods  of  marking  are 
descending  order  of  preference.  Marking  shall  conform  to 

MIL-STD-792. 

5.9.1  Impression  stamping.  Impression  stamping  shall  be  used  where 
explicitly  permitted  by  applicable  specifications  or  drawings.  Marking 
shall  be  located  In  areas  adjacent  to  the  part  number  or  the  Inspector's 
stamp. 
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used.  Etching  methods  other  than  chemical  or  electrochemical  may  be  used. 

5*f •  3  Whera  etching  or  Impression  stamping  Is  not  permitted 

IdentinHtTon  may  be  accomplished  by  dyeing  or  ink  stuping.  ’ 

faooing—!!!!!^  "«a«s  Of  Identification,  such  as 

ugging,  may  be  applied  when  the  construction,  finish,  or  functional 
roquireraents  of  the  component  preclude  etching,  dyelna  or  sSmolSo 

sh*il  P««e<l  inspection 

Th«.  ..4.  etching  or  stamping  is  applicable,  symbols  shall  be  used 

i.stir’dtiiro?'’;te  yes?  jfi«s??io“ 

denote  100  plLnt'lSspI^ilir'*"""  ““  ‘X®  P  to 

basis  sbal/b^  ™riled”K?b"*;b?’s^;i«*f%’e“;c??Sd*b; 

b.  When  dyeing  Is  used,  maroon  dye  shall  be  used  to  denote 

user??"2n???T??,n?11?g™sf?r'®"*  ■‘P®  t"®’'  b® 
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NOTES 


6.1  Intended  use.  The  penetrant  inspection  process  Is  Intended  for  the 
detection  oT  discontinuities  open  to  the  surface,  such  as  lack  of  fusion, 
corrosion,  cracks,  laps,  cold  shuts  and  porosity. 

6.2  Nonmetal lie  components.  Some  cleaners,  penetrants,  and  developers  can 
have  a  deleterious  effect  on  nonmetallic  materials  such  as  plastics.  Prior 
to  inspection,  tests  should  be  conducted  to  ensure  that  any  cleaning  or 
inspection  materials  are  not  harmful  to  the  components  to  be  examined. 
Caution  must  also  be  exercised  in  the  usage  of  elevated  temperature  with 
components  manufactured  from  thermoplastic  materials. 
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